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HI MAN MONOC LONAL ANTIHOP1FS 

Field of the Invention : 

This invention relates to novel human monoclonal antibodies unAbsi and to 
5 the genes encoding same. More specil icalk , this invention relates to human 

monoclonal antibodies specifically reactive with an epitope ot the fusion (b) protein 
of Respiratory Syncytial Virus (RSV), Such antibodies are useful for the therapeutic 
and/or prophylactic treatment of RSV infection in human patients, particularly 
infants and young children. 

10 

Background of the Invention : 

Respiratory syncytial virus (RSVi is the major cause of lower respiratory 
disease in children, giving rise to predictable annual epidemics of bronchiolitis and 
pneumonia in children worldwide. The virus is highly contagious, and infections can 

15 occur at any age. Immunity to RSV appears to be short-lived, thus reinfections are 
frequent. Zero to 2 year old infants are the most susceptible and represent the 
primary affected population. In this group, 1 out of 5 will develop lower respiratory 
(below larynx) disease upon infection and this ratio stays the same upon reinfection. 
Depending on age, environment and other associated factors, hospitalization is 

20 required in 1-3% of cases of RSV infection and is usually of long duration (up to 3 
weeks). The high morbidity of RSV infection, especially in infancy, has also been 
implicated in the development of respiratory problems later in life. Mortality is 
generally very low in more developed countries, but much higher in less developed 
countries and in certain risk groups such as children with heart/lung disease, making 

25 prophylactic treatment desirable for these groups of children. 

A vaccine for RSV infection is not currently available. Severe safety issues 
surrounding an attenuated whole virus vaccine tested in the 1960s, as well as the 
potential of induced immunopathology associated with the newer candidate subunit 
vaccines make the prospects of a vaccine in the near future appear remote, To date 

30 one drug therapy, Ribavirin, a broad spectrum antiviral, has been approved. 

Ribavirin has gained only minimal acceptance owing to problems of administration. 
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mild toxicity and questionable efficacy. In the majority of cases, hospitalized 
children receive no drug therapy and receive only intensive supportive care which is 
extremely costly. It is clear that there is a need for a safe, effective and easily 
administered drug for the treatment of RSV infection. 

5 The feasibility of passive antibody treatment/protection against RSV has 

been well established using animal models. Most of the earlier passive transfer 
studies in animals against infectious agents, including RSV, utilized murine mABs. 
Recently, the FDA has approved for use intravenous gammaglobulins (IVIG) 
isolated from pooled human sera. Initial reports from this study had been 

10 encouraging (Groothuis, J. R. et al. , Antimicrob. Agents Chemo . 35(7): 1469-1473 
(1991)). However, generic shortcomings of IVIGs exist and include, without 
limitation, the fact that such products are human blood derived and grams of 
antibody often need to be administered to achieve an effective dose. 

Alternatively, monoclonal antibodies have been employed. The advantages 

15 of such an approach include: a higher concentration of specific antibody can be 

achieved thereby reducing the amount of globulin required to be given; the reliance 
on direct blood products can be eliminated; the levels of antibody in the preparation 
can be more uniformly controlled and the routes of administration can be extended. 
While passive immunotherapy employing monoclonal antibodies from a 

20 heterologous species (e.g., murine) has been suggested (See: PCT Application 

PCT/US94/08699, Publication No. WO 95/04081), one alternative to reduce the risk 
of an undesirable immune response on the part of the patient directed against the 
foreign antibody is to employ "humanized" antibodies. These antibodies are 
substantially of human origin, with only the Complementarity Determining Regions 

25 (CDRs) being of non-human origin. Particularly useful examples of this approach 
are disclosed in PCT Application PCT/GB9 1/0 1554, Publication No. WO 92/04381 
and PCT Application PCT/GB93/00725, Publication No. WO93/20210. 

A second and more preferred approach is to employ fully human mAbs. 
Unfortunately, there have been few successes in producing human monoclonal 

30 antibodies through classic hybridoma technology. Indeed, acceptable human fusion 
partners have not been identified and murine myeloma fusion partners do not work 

2 
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well with human cells, yielding unstable and low producing hybridoma linev 
However, recent advances m molecular biology and immunolog\ make it now- 
possible to isolate human mABs. particularly directed against foreign infectious 
agents, as explained in greater detail below. 

Comprehensive details concerning RSV infection and Us clinical features can 
be obtained from excellent recent reviews by Mcintosh. K. and R. M. Chanock. In: 
"Respiratory Syncytial Virus". Ch. 38, B.N. Fields ed.. Raven Press ( 1990) and 
Hall, C.B.. In: "Textbook of Pediatric Disease" Feigin and Cherry, eds.. W.B. 
Saunders, pes 1247-1268 ( 1987). RSV, belonging to the family paramyoxoviridae. 
is a negative-strand unsegmented RNA virus with properties similar to those of the 
paramyxoviruses. It has, however been placed in a separate genus Pneumovirus, 
based on morphologic differences and lack of hemagglutinin and neuraminidase 
activities. RSV is pleomorphic and ranges in size from 150-300 nm in diameter. 
The virus matures by budding from the outer membrane of a cell and virions appear 
as membrane-bound particles with short, closely spaced projections or "spikes". The 
RNA genome encodes 10 unique viral polypeptides ranging in size from 9.5 kDa to 
160 kDa (Huang. Y. T. and G W.Wertz, J. Virol . 43:150-157 (1982)). Seven 
proteins (F, G, N. P, L, M, M2) arc present in RSV virions and at least three proteins 
(F, G, and SH) are expressed on the surface of infected cells. The F protein has been 
conclusively identified as the protein responsible for cell fusion since specific 
antibodies to this protein inhibit syncytia formation in vitro and cells infected with 
vaccinia virus expressing recombinant F protein form syncytia in the absence of 
other RSV virus proteins. In contrast, antibodies to the G protein do not block 
syncytia formation but prevent attachment of the virus to cells. 

RSV can be divided into two antigenically distinct subgroups, (A & B) 
(Mufson. M. A. et al., J. Gen'l. Virol . 66:21 1 1-2124 (1985)). This antigenic 
dimorphism is linked primarily to the surface attachment (G) glycoprotein (Johnson, 
R. A. et ah, Proc. Natl Acad. Sci. USA 84:5625-5629 ( 1987)). Strains of both group 
A and B circulate simultaneously, but the proportion of each may vary unpredictably 
from year to year. An effective therapy must therefore target both subgroups of the 
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virus and this is the reason for the selection of the highly conserved surface fusion 
(F) protein as target antigen for mAb therapy as will be discussed later. 

RSV is distributed worldwide. One of the most remarkable features of the 
epidemiology of RSV virus, as mentioned above, is the consistent pattern of 
5 infection and disease. Other respiratory viruses cause epidemics at irregular intervals 
or exhibit a mixed endemic/epidemic pattern, but RSV is the only respiratory viral 
pathogen that produces a sizable epidemic every year in large urban centers. In the 
temperate areas of the world, RSV epidemics have occurred primarily in the late fall, 
winter or spring but never during the summer. The occurrence and spread of 

10 infection within a community is characteristic and easily diagnosed, leading to sharp 
rises in cases of bronchiolitis and pediatric pneumonia and the number of hospital 
admissions of young children with acute lower respiratory tract disease. Other 
respiratory viral agents that occur in outbreaks are rarely present at the same time as 
RSV . Primary RSV infection occurs in the very young and virtually all children 

15 have been infected before they have entered school. By 1 year of age, 25-50% of 
infants have specific antibodies as a result of natural infection and this is close to 
100% by age 4-5. Age, sex, socioeconomic and environmental factors can all 
influence the severity of disease. With current intensive care in the U.S., overall 
mortality for normal subjects is low (less than 2% of hospitalized subjects) but can 

20 be much higher in infants with underlying cardiac condition (cyanotic congenital 
heart disease) or respiratory disease (bronchopulmonary dysplasia) where the 
progression of symptoms may be rapid. For instance, mortality in infants with 
cyanotic congenital heart disease has been reported to be as high as 37%. In 
premature infants apneic spells due to RSV infection may occur and, in rare cases, 

25 cause neurologic or systemic damage. Severe lower respiratory tract illness 

(bronchiolitis and pneumonia) is most common in patients under six months of age. 
Infants who have apparently recovered completely from this illness may display 
symptomatic respiratory abnormalities for years (recurrent wheezing, decreased 
pulmonary function, recurrent cough, asthma, and bronchitis). 

30 The mechanisms by which the immune system protects against RSV 

infection and reinfection are not well understood. It is clear, however, that immunity 

4 
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is only partially protective since reinfection is common at all ages, and sometimes 
occurs in infants only weeks alter recovery Irom a primary infection. Both serum and 
secretory antibodies <lgA» have been detected m response to RSV injection m adults 
as well as m very voting infants. However, the titers of serum antibodies to the \irai 
5 F or ( i glycoprotein, as well as of neutralizing antibodies found in infants ( 1-S 
months of age) are 15-25'y of those found in older subiects. These reduced titers 
may contribute to the increased incidence of serious infection in younger children. 

Evidence for the role of serum antibodies in protection against RSV virus has 
emerged from epidemiological as well as animal studies. In adults exposed naturally 

10 to the virus, susceptibility correlated well with low serum antibody level. In infants, 
titers of maternally transmitted antibodies correlate with resistance to serious disease 
(Glezcn. W.P. et aL J. Pediatr . 98:708-715 < 1981 )). Other studies show that the 
incidence and seventy of lower respiratory tract involvement is diminished in the 
presence of high serum antibody { Mcintosh, K. et aL J. Infect. Pis . 1 38:24-32 

15 ( 1978)) and high titers of passively administered serum neutralizing antibodies have 
been shown to be protective in a cotton rat model, of RSV infection (Prince, G. A. et 
aL Virus R es. 3:193-206 (1985)). 

Children lacking cell-mediated immunity are unable to cease their infection 
and shed virus for many months in contrast to children with normal immune 

20 systems. Similarly, nude mice infected with RSV virus persistently shed virus. 

These mice can be cured by adoptive transfer of primed T cells (Cannon, M. J. et aL 
Immunology 62:133-138 (1987)). 

In summary, it appears that both cellular and humoral immunity are involved 
in protection against infection, reinfection and RSV disease and that although 

25 antigenic variation is limited, protective immunity is not complete even after 
multiple exposures. 

This invention relates to the use of human mABs specific for the F protein of 
RSV virus to passively treat or prevent infection. The use of passive antibody 
therapy in humans is well documented and is being used to treat other infectious 

30 diseases such as hepatitis and cytomegalovirus. Clinical trials are also on-going to 
evaluate the efficacy of humanized antibodies for treatment of RSV infection in 



nNSr.OGiD «.WC 



WO 98/19704 



PCT/US97/ 19203 



young children. Studies in animals have clearly demonstrated that polyclonal and 
monoclonal antibody against both F and G glycoprotein can confer passive 
protection in RSV virus infection when given prophylactically or therapeutically 
(Prince, et al., supra ). In these studies, passive transfer of neutralizing F or G mAbs 

5 to mice, cotton rats or monkeys, significantly reduce or completely prevent 
replication of the RSV virus in the lungs. 

The induction of neutralizing antibodies to RSV virus appears to be limited 
to the F and G surface glycoproteins. Of these two proteins, the F protein is the 
major target for cross-reactive neutralizing antibodies associated with protection 

10 against different strains of RSV virus. In addition, experimental vaccination of mice 
or cotton rats with F protein also results in cross protection. The antigenic 
relatedness of the F protein across strains and subgroups of the virus is reflected in 
its high degree of homology at the amino acid level. In contrast, in the two 
subgroups and various strains of RSV, antigenic dimorphism was linked primarily to 

15 the G glycoprotein. The F protein has a predicted molecular weight of 68-70 kDa; a 
signal peptide at its N-terminus; a membrane anchor domain at its C terminus; and is 
cleaved proteolytically in the infected cell prior to virion assembly to yield disulfide 
linked F2 and F\ . Five neutralizing epitopes have been identified within the F 
protein sequence and map to residues 205-225; 259-278; 289-299: 483-488 and 

20 417-438. Studies to determine the frequency of sequence diversion in the F protein 
showed that the majority of the neutralizing epitopes were conserved in all of the 23 
strains of RSV virus isolated in Australia, Europe, and regions of the U.S. over a 
period of thirty years. In another study, seroresponses of forty three infants and 
young children to primary infection with subgroup A or a subgroup B strain showed 

25 that responses to homologous and heterologous F antigens were not significantly 

different, while the G proteins of the subgroup A and B strains were quite unrelated. 
Moreover, antibody inhibition of virus-mediated cell fusion in vitro versus 
inhibition of infection correlates best with protection in animal models and fusion 
inhibition is primarily restricted to F protein specific antibodies. Clearly, the F 

30 protein is the more important target for antibody therapy. 

6 
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Fully tinman mAbs to RSV F protein remain a desirable option lor the 
treatment of this disease. Although some success has been reported in obtaining 
fragments of such mAhs i Barbas. C.F. et al.. Proc. Naf 1. Acad Sci. I SA S c >' HUM- 
lOlhS ( F>02);rrowe, J. li. et ah, Proc. Natl Acad. Sci. IhSA : I3S(vl3 l )0 i \W4\ 
5 and PCI application number P(T/l'S93/()S7S(i. published as \V(»4/()h44S. March 
3 I , P^>4m. the achievement of such results is not straight forw ard and novel human 
mABs as described herein, when and however obtained, are particularly useful alone 
or in combination with existing molecules to form tmmunotherapeutic compositions. 
This invention relates to one such group of human mAhs. 

10 

Brief Description of the Invention : 

This invention relates to fully human monoclonal antibodies and functional 
fragments thereof specifically reactive with an F protein epitope of RSV and capable 
of neutralizing RSV infection. 

15 In a related aspect, the present invention provides modifications to 

neutralizing Fab fragments or F(ab') : fragments specific for the F protein of RSV 
produced by random combinatorial cloning of human antibody sequences and 
isolated from a filamentous phage Fab display library. 

In still another aspect, there is provided a reshaped human antibody 

20 containing human heavy and light chain constant regions from a first human donor 
and heavy and light chain variable regions or the CDRs thereof derived from human 
neutralizing monoclonal antibodies for the F protein of RSV derived from a second 
human donor. 

In yet another aspect, the present invention provides a pharmaceutical 
25 composition which contains one (or more) altered antibodies and a pharmaceutical^ 
acceptable carrier. 

In a further aspect, the present invention provides a method for passive 
immunotherapy of RSV disease in a human by administering to said human an 
effective amount of the pharmaceutical composition of the invention tor the 
30 prophylatic or therapeutic treatment of RSV infection. 
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In yet another aspect, the present invention provides methods for, and 
components useful in, the recombinant production of human and altered antibodies 
(e.g.. engineered antibodies, CDRs, Fab or F(ab) 2 fragments, or analogs thereof) 
which are derived from human neutralizing monoclonal antibodies (mAbs) for F 

5 protein of RSV. These components include isolated nucleic acid sequences 

encoding same, recombinant plasmids containing the nucleic acid sequences under 
the control of selected regulatory sequences which are capable of directing the 
expression thereof in host cells (preferably mammalian) transfected with the 
recombinant plasmids. The production method involves culturing a transfected host 

10 cell line of the present invention under conditions such that the human or altered 
antibody is expressed in said cells and isolating the expressed product therefrom. 

In yet another aspect of the invention is a method to diagnose the presence of 
RSV in a human which comprises contacting a sample of biological fluid with the 
human antibodies and altered antibodies of the instant invention and assaying for the 

15 occurrence of binding between said human antibody (or altered antibody) and RSV. 

In yet another embodiment of the invention is a pharmaceutical composition 
comprising at least one dose of an immunotherapeutically effective amount of the 
monoclonal antibody of this invention in combination with at least one additional 
monoclonal antibody. Especially, when the additional monoclonal antibody is an 

20 anti-RS V antibody distinguished from the subject antibody of by virtue of being 
reactive with a different epitope of the RSV F protein antigen. 

Other aspects and advantages of the present invention are described further in 
the detailed description and the preferred embodiments thereof. 

25 Brief Description of the Drawings ; 

Figure 1 illustrates the cloning strategy used for the construction of the Hu 
19A monoclonal antibody. The heavy chain V region was cloned into the PCD 
derivative vector as a Xhol - BspllOl fragment. The entire light chain V and C 
30 regions were cloned into the PCN derivative vector as a Sad - Xbal fragment. 
Details are described in the hereinbelow. 

8 
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Figure 2 provides a comparison ot the heaw chain ammo acid sequences i»! 
various monoclonal antibodies ot this invention. The amino acid sequences ot the 
heaw chains tor the A. B, C and I) constructs are shown i SEQ il) N'OS: x (\ ~ and 
^. respectively j. Numbering ot the residues is based on the germhne (Cil.) gene 
Dp?K iSHQ ID No: 4), beginning at the mature processed amino terminus and 
ending at CDR3 The indicates identity to the preceding sequence (eg.. C 
compared to B). Sequence A has an amino acid insertion between positions 4 and 5 
due to the cloning strategy utilized by Barbas et al. ( Proc. Nat l. Acad. Sci. tl'SAi 
89, 10164-10168 ( 1992), PCT publication WO94/0644S). Bold residues correspond 
to the leader region, and to CDRs 1-3. The underlined sequence in CDR2 identities 
the N-linked glycosylation site in versions A and B that was mutated in version C. 
Residues P14 and G15, marked with an were listed as L and A, respectively in 
the published sequence (Barbas et al., supra ). 

Figure 3 provides a comparison of the light chain amino acid sequences ot 
various monoclonal antibodies of this invention. The amino acid sequences ot the 
light chains for the A, B, C and D constructs are shown (SEQ ID NOS: 10, 11, 12 
and 13). Numbering of the residues in the Vk region is based on the germ line <GLi 
gene Dpk9 (SEQ ID NO: 9), beginning at the mature processed amino terminus and 
ending at CDR3; but for reference to framework 4, the actual numbering is also 
shown for Hul9ALc. As in Fig. 2, the "-" indicates identity to the preceding 
sequence. The G at position 97 in framework 4 of Hul9A, marked with an was 
listed as E in the published sequence (see text). Sequence A has a two ammo acid 
deletion at residues 1 and 2 due to the cloning strategy. Bold residues correspond to 
the leader region, and to CDRs 1-3. The k constant region is shown for constructs A 
and B in comparison to the germline gene. The L mutation near the C terminus was 
corrected in version C (See; Figure 3. SEQ) ID NO: 13). 

Figure 4 illustrates the DN A sequences of plasrmds for the expression of the 
Hul9 mAB heavy and light chains. Figure 4 A is the DNA sequence of 
Hul9AHcpcd (SEQ ID NO:14j. The start of translation, leader peptide, amino- 
terminal processing site (SEQ ID NO: 15). carboxy terminus of the 19A heavy chain 
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(SEQ ID NO: 16) and Eco RI restriction endonuclease cleavage site are shown. 
Figure 4B is the DNA sequence of Hul9ALcpcn (SEQ ID NO: 17), and shows the 
corresponding features for the light chain and the Xba I restriction site following the 
end of the coding region for the light chain (SEQ ID NO'S: 1 8, 19). Figure 4C is the 
5 DNA sequence of the coding region of the heavy chain of plasmid Hul9BHcpcd 
(SEQ ID NO'S 20 ? 2 1 ). Figure 4D is the DNA sequence of the coding region for the 
light chain of plasmid Hul9BLcpcn (SEQ ID NO:22,23 & 24). Figure 4E is the 
DNA sequence of the coding region of the heavy chain of the plasmid Hul9CHcpcd 
(SEQ ID NO'S 25,26). Figure 4F is the DNA sequence of the coding sequence of the 
10 heavy chain of plasmid Hul9DHcpcd (SEQ ID NO:"S 27,28). Figure 4G is the DNA 
sequence of the coding region of the light chain of plasmid Hul9CLcpcn (SEQ ID 
NO'S: 29, 30). In Figures 4C-G, bolded residues indicate differences from the full 
vector sequences for Hul9AHcpcd and Hul9ALc shown in Figures 4 A and 4B, 
respectively. 

15 Figure 5 illustrates a Coomassie stained SDS-PAGE gel of Hul9B and 

Hul9C under reducing conditions. 

Figure 6 illustrates the separation of Hul9 Glycovarients by anion exchange 
chromatography. 

Figure 7 illustrates SDS-PAGE analysis of Hul9B Fab glycovarients. 

20 

Detailed Description of the Invention : 

This invention provides useful human monoclonal antibodies (and fragments 
thereof) reactive with the F protein of RSV, isolated nucleic acids encoding same 
and various means for their recombinant production as well as therapeutic, 
25 prophylactic and diagnostic uses of such antibodies and fragments thereof. 



/. Definitions. 

As used in this specification and the claims, the following terms are defined 
as follows: 

30 "Altered antibody" refers to a protein encoded by an altered immunoglobulin 

coding region, which may be obtained by expression in a selected host cell. Such 

10 
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altered antibodies are engineered antibodies te.g.. chimeric, humani/ed. i>r reshaped 
or immunologically edited human antibodies) or t raiments thereof Sacking a!! or part 
oi an immunoglobulin constant region, e.g., F\ . l ab. or Ftabd, and the like 

Adercu immunoglobulin coding region" refers to a nucleic acid sequence 
encoding an altered antibody o! the invention or a fragment thereof. 

"Reshaped human antibody" refers to an altered antibody m which minimally 
at least one CDR from a first human monoclonal donor antibody is substituted for a 
CDR m a second human acceptor antibody. Preferrably all six CDRs are replaced 
More preferrably an entire antigen combining region (e.g., Fv, Fab or F(ab')2 * from 
a first human donor monoclonal antibody is substituted for the corresponding region 
in a second human acceptor monoclonal antibody. Most preferrably the Fab region 
from a first human donor is operatively linked to the appropriate constant regions of 
a second human acceptor antibody to form a lull length monoclonal antibody. The 
reshaped human monoclonal antibodies designated herein as Hul9A. Hul9B. 
Hul9C and Hul9D are defined as reshaped human antibodies comprising a light 
chain amino acid sequence selected from Sequences 19 A, 19B, 19C and 19D of 
Figure 3 and a heavy chain amino acid sequence selected from Sequences 19A. 19B. 
19C and 19D of Figure 2, or functional partial sequences thereof. 

First immunoglobulin partner" refers to a nucleic acid sequence encoding a 
human framework or human immunoglobulin variable region in which the native tor 
naturally-occurring) CDR-encoding regions are replaced by the CDR-encoding 
regions of a donor human antibody. The human variable region can be an 
immunoglobulin heavy chain, a light chain (or both chains), an analog or functional 
fragments thereof. Such CDR regions, located within the variable region of 
antibodies (immunoglobulins) can be determined by known methods in the art. For 
example Rabat et ah ( Sequences of Proteins of Immunological Interes t, 4th Ed., IAS. 
Department of Health and Human Services, National Institutes of Health ( 1987)* 
disclose rules for locating CDRs. In addition, computer programs are known which 
are useful for identifying CDR regions/structures. 

Second fusion partner" refers to another nucleotide sequence encoding a 
protein or peptide to which the first immunoglobulin partner is fused in frame or by 
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means of an optional conventional linker sequence (i.e., operatively linked). 
Preferably the fusion partner is an immunoglobulin gene and when so, it is referred 
to as a "second immunoglobulin partner". The second immunoglobulin partner may 
include a nucleic acid sequence encoding the entire constant region for the same 
5 (i.e., homologous - the first and second altered antibodies are derived from the same 
source) or an additional (i.e., heterologous) antibody of interest. It may be an 
immunoglobulin heavy chain or light chain (or both chains as part of a single 
polypeptide). The second immunoglobulin partner is not limited to a particular 
immunoglobulin class or isotype. In addition, the second immunoglobulin partner 

10 may comprise part of an immunoglobulin constant region, such as found in a Fab, or 
F(ab) 2 (i.e., a discrete part of an appropriate human constant region or framework 
region). A second fusion partner may also comprise a sequence encoding an integral 
membrane protein exposed on the outer surface of a host cell, e.g., as part of a phage 
display library, or a sequence encoding a protein for analytical or diagnostic 

15 detection, e.g., horseradish peroxidase, (i-galactosidase, etc. 

The terms Fv, Fc, Fd, Fab, or F(ab') 2 are used with their standard meanings 
(see, e.g., Harlow et al., Antibodies A Laboratory Manual Cold Spring Harbor 
Laboratory, (1988)). 

As used herein, an "engineered antibody" describes a type of altered 

20 antibody, i.e., a full-length synthetic antibody (e.g., a chimeric, humanized, reshaped 
or immunologically edited human antibody as opposed to an antibody fragment) in 
which a portion of the light and/or heavy chain variable domains of a selected 
acceptor antibody are replaced by analogous parts from one or more donor 
antibodies which have specificity for the selected epitope. For example, such 

25 molecules may include antibodies characterized by a humanized heavy chain 

associated with an unmodified light chain (or chimeric light chain), or vice versa. 
Engineered antibodies may also be characterized by alteration of the nucleic acid 
sequences encoding the acceptor antibody light and/or heavy variable domain 
framework regions in order to retain donor antibody binding specificity. These 

30 antibodies can comprise replacement of one or more CDRs (preferably all) from the 
acceptor antibody with CDRs from a donor antibody described herein. 

12 



BNSDOCID: <WO 9819704AlJ_> 



WO M8/19704 



PC T l 19203 



A "chimeric antibody' refers to a type of engineered antibody which contains 
naturally-occurring: variable region i light chain and heavv chains) derived from a 
donor antibodv m association with light and hcav\ chain constant regions derived 
irom an acceptor antibody from a heterologous species. 
5 A "humanized antibody" refers to a tvpe of engineered antibodv h a v i n g its 

CDRs derived from a non-human donor immunoglobulin, the remaining 
immunoglobulin-denved parts of the molecule being derived from one tor more) 
human immunoglobulin* s). In addition, framework support residues may be altered 
to preserve binding affinity {see, e.g., Queen et al.. Proc. Natl Acad Sci. l/SA . 

10 S6: 10029- 10032 (1989). Hodgson et al., Bio/Technology, 9:421 (1991 n. 

An "immunologically edited antibody" refers to a type of engineered 
antibody m which changes are made in donor and/or acceptor sequences to edit 
regions in respect of cloning artifacts, germ line enhancements, etc. aimed at 
reducing the likelihood of an immunological response to the antibodv on the part of 

15 a patient being treated with the edited antibody. 

The term "donor antibody" refers to an antibody (monoclonal, or 
recombinant) which contributes the nucleic acid sequences of its variable regions. 
CDRs, or other functional fragments or analogs thereof to a first immunoglobulin 
partner, so as to provide the altered immunoglobulin coding region and resulting 

20 expressed altered antibody with the antigenic specificity and neutralizing activity 
characteristic of the donor antibody. One donor antibody suitable for use in this 
invention is a Fab fragment of a human neutralizing monoclonal antibody designated 
as Fab Hu 19. Fab Hu 19 is defined as a having the variable light chain DNA and 
amino acid sequences Hu 19A as shown in Figures 2, 3. 4A and 4B. 

25 The term "acceptor antibody" refers to an antibody (monoclonal, or 

recombinant) from a source genetically unrelated to the donor antibody, which 
contributes all (or any portion, but preferably all) of the nucleic acid sequences 
encoding its heavy and/or light chain framework regions and/or its heavy and/or light 
chain constant regions to the first immunoglobulin partner. Preferably a human 

30 antibody is the acceptor antibody. 



WO 98/19704 



PCT/US97/19203 



"CDRs" are defined as the complementarity determining region amino acid 
sequences of an antibody which are the hypervariable regions of immunoglobulin 
heavy and light chains. See, e.g. ? Kabat et al., Sequences of Proteins of 
Immunological Interest , 4th Ed., U.S. Department of Health and Human Services, 
5 National Institutes of Health (1987). There are three heavy chain and three light 
chain CDRs (or CDR regions) in the variable portion of an immunoglobulin. Thus, 
"CDRs" as used herein refers to all three heavy chain CDRs, or all three light chain 
CDRs (or both all heavy and all light chain CDRs, if appropriate). CDRs provide 
the majority of contact residues for the binding of the antibody to the antigen or 

10 epitope. CDRs of interest in this invention are derived from donor antibody variable 
heavy and light chain sequences, and include analogs of the naturally occurring 
CDRs, which analogs also share or retain the same antigen binding specificity and/or 
neutralizing ability as the donor antibody from which they were derived. 

By "sharing the antigen binding specificity or neutralizing ability" is meant, 

15 for example, that although Fab Hul9 may be characterized by a certain level of 
antigen affinity, a CDR encoded by a nucleic acid sequence of Fab Hul9 in an 
appropriate structural environment may have a lower, or higher affinity. It is 
expected that CDRs of Fab Hul9 in such environments will nevertheless recognize 
the same epitope(s) as does the intact Fab Hul9. A "functional fragment" is a partial 

20 heavy or light chain variable sequence (e.g., minor deletions at the amino or carboxy 
terminus of the immunoglobulin variable region) which retains the same antigen 
binding specificity and/or neutralizing ability as the antibody from which the 
fragment was derived. 

An "analog" is an amino acid sequence modified by at least one amino acid, 

25 wherein said modification can be chemical or a substitution or a rearrangement of a 
few amino acids (i.e., no more than 10), which modification permits the amino acid 
sequence to retain the biological characteristics, e.g., antigen specificity and high 
affinity, of the unmodified sequence. For example, (silent) mutations can be 
constructed, via substitutions, when certain endonuclease restriction sites are created 

30 within or surrounding CDR-encoding regions. 

14 
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Analogs ma\ also arise as allelic variations An "allelic variation or 
modil ication" is an alteration in the nucleic acid sequence encoding the amino acid 
or peptide sequences of the invention. Such variations or modil ications may he due 
to degeneracy m the genetic code or may be deliberately engineered to provide 
5 desired characteristics These variations or modifications may or may not result in 
alterations in any encoded amino acid sequence. 

The term 'effector agents" refers to non-protein carrier molecules to which 
the altered antibodies, and/or natural or synthetic light or heavy chains of the donor 
antibody or other fragments of the donor antibody may be associated by 

10 conventional means. Such non-protein carriers can include conventional carriers 

used in the diagnostic field, e.g., polystyrene or other plastic beads, polysaccharides, 
e.g., as used in the BlAcore (Pharmacia) system, or other non-protein substances 
useful in the medical field and safe for administration to humans and animals. Other 
effector agents may include a macrocyele, tor chelating a heavy metal atom, or 

15 radioisotopes. Such effector agents may also be useful to increase the half-life of the 
altered antibodies, e.g., polyethylene glycol. 

//. Combinatorial Cloning: 

As mentioned above, a number of problems have hampered the direct 
20 application of the hybridoma technology of G. Kohler and C. Milstein ( Nature 256: 
495-497 < 1975)) to the generation and isolation of human monoclonal antibodies 
Among these are a lack of suitable fusion partner myeloma cell lines used to form 
hybridoma cell lines as well as the poor stability of such hybndomas even when 
formed. These shortcomings are further exacerbated in the case of RS V because ot 
25 the paucity of viral specific B cells in the perphenal circulation. Therefore, the 
molecular biological approach of combinatorial cloning is preferred. 

Combinatorial cloning is disclosed generally in PCT Publication No. 
WO90/ 14430. Simply stated, the goal of combinatorial cloning is to transfer to a 
population of bacterial cells the immunological genetic capacity of a human cell. 
30 tissue or organ. It is preferred to employ cells, tissues or organs which axe 

immunocompetent. Particularly useful sources include, without limitation, spleen. 
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thymus, lymph nodes, bone marrow, tonsil and perpherial blood lymphocytes. The 
cells may be optionally RSV stimulated in vitro, or selected from donors which are 
known to have produced an immune response or donors who are HIV 4 " but 
asymptomatic. 

5 The genetic information isolated from the donor cells can be in the form of 

DNA or RNA and is conveniently amplified by Polymerase Chain Reaction (PCR) 
or similar techniques. When isolated as RNA the genetic information is preferably 
converted into cDNA by reverse transcription prior to amplification. The 
amplification can be generalized or more specifically tailored. For example, by a 

10 careful selection of PCR primer sequences, selective amplification of 

immunoglobulin genes or subsets within that class of genes can be achieved. 

Once the component gene sequences are obtained, in this case the genes 
encoding the variable regions of the various heavy and light antibody chains, the 
light and heavy chain genes are associated in random combinations to form a 

15 random combinatorial library. Various recombinant DNA vector systems have been 
described to facilitate combinatorial cloning (see: PCT Publication No. 
WO90/14430 supra , Scott and Smith, Science 249:386-406 (1990) or U. S. Patent 
5,223.409). Having generated the combinatorial library, the products can, after 
expression, be conveniently screened by biopanning with RSV F protein or, if 

20 necessary, by epitope blocked biopanning as described in more detail below. 

Initially it is generally preferred to use Fab fragments of mAbs for 
combinatorial cloning and screening and then to convert the Fabs to full length 
mAbs after selection of the desired candidate molecules. However, single chain 
antibodies can also be used for cloning and screening. 

25 

///. Antibody Fragments 

The present invention contemplates the use of Fab fragments or F(ab'): 
fragments to derive full-length mAbs directed against the F protein of RSV. 
Although these fragments may be independently useful as protective and therapeutic 
30 agents in vivo against RSV-mediated conditions or in vitro as part of an RSV 

diagnostic, they are employed herein as a component of a reshaped human antibody. 

16 
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A Fab lragment contains the entire light ehain and ammo terminal portion of the 
heav\ chain: and an la ah'), fragment is the [raiment formed by two [ ; ab fragments 
bound hv additional disulfide bonds. RSY binding monoclonal antibodies pro\ ide 
sources of Tab fragments and Ftab'i. 1 raiments and can be obtained via 
combinatorial phage library (see, e.g.. W inter et al., Ann. Re\ . Immunol ., F2:433- 
455 ( 1W4) or Barbas et al. i Proe Nat 1. Acad, .sci. < I SA) 89. 10lb4- 1 01 bN i IWn 
which are both hereby incorporated by reference in their entirety). 

/V. Anti-RSV Antihodx Amino Acid and Nucleotide Sequent es of Interest 
The Fab Hul°- or other antibodies described herein may contribute 
sequences, such as variable heavy and/or light chain peptide sequences, framework 
sequences, CDR sequences, functional fragments, and analogs thereof, and the 
nucleic acid sequences encoding them, useful in designing and obtaining various 
altered antibodies which are characterized by the antigen binding specificity of the 
donor antibody. 

As one example, the present invention thus provides variable light chain and 
variable heavy chain sequences from the RSV human Fab Hul c M-D and sequences 
derived therefrom. 

The nucleic acid sequences of this invention, or fragments thereof, encoding 
0 the variable light chain and heavy chain peptide sequences are also useful for 
mutagenic introduction of specific changes within the nucleic acid sequences 
encoding the CDRs or framework regions, and lor incorporation of the resulting 
modified or fusion nucleic acid sequence into a plasmid for expression. For 
example, silent substitutions in the nucleotide sequence of the framework and CDR- 
5 encoding regions can be used to create restriction enzyme sites which would 

facilitate insertion of mutagenized CDR t and/or framework) regions. These CDR- 
encoding regions may be used in the construction of reshaped human antibodies ot 
this invention. 

Taking into account the degeneracy ot the genetic code, various coding 
0 sequences may be constructed which encode the variable heavy and light chain 
amino acid sequences, and CDR sequences of the invention as well as functional 
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fragments and analogs thereof which share the antigen specificity of the donor 
antibody. The isolated nucleic acid sequences of this invention, or fragments 
thereof, encoding the variable chain peptide sequences or CDRs can be used to 
produce altered antibodies, e.g., chimeric or humanized antibodies, or other 

5 engineered antibodies of this invention when operatively combined with a second 
immunoglobulin partner. 

It should be noted that in addition to isolated nucleic acid sequences 
encoding portions of the altered antibody and antibodies described herein, other such 
nucleic acid sequences are encompassed by the present invention, such as those 

10 complementary to the native CDR-encoding sequences or complementary to the 

modified human framework regions surrounding the CDR-encoding regions. Such 
sequences include all nucleic acid sequences which by virtue of the redundancy of 
the genetic code are capable of encoding the same amino acid sequence as given in 
Figures 2 and 3. Other useful DNA sequences encompassed by this invention 

1 5 include those sequences which hybridize under stringent hybridization conditions 
(See: T. Maniatis et aL, Molecular Cloning (A Laboratory Manual) , Cold Spring 
Harbor Laboratory (1982), pages 387 to 389) to the DNA sequences encoding the 
antibodies of Figures 2 and 3 and which retain the antigen binding properties of 
those antibodies. An example of one such stringent hybridization condition is 

20 hybridization at 4XSSC at 65°C, followed by a washing in 0.1XSSC at 65°C for an 
hour. Alternatively an exemplary stringent hybridization condition is in 50% 
formamide, 4XSSC at 42°C. Preferably, these hybridizing DNA sequences are at 
least about 18 nucleotides in length, i.e., about the size of a CDR. 

25 V. Altered Immunoglobulin Coding Regions and Altered Antibodies 

Altered immunoglobulin coding regions encode altered antibodies which 
include engineered antibodies such as chimeric antibodies, humanized, reshaped and 
immunologically edited human antibodies. A desired altered immunoglobulin 
coding region contains CDR-encoding regions in the form of Fab regions that 

30 encode peptides having the antigen specificity of an RSV antibody, preferably a high 

18 
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affinity antibod\ vuch as provided by the present invention, inserted into an acceptor 
immunoglobulin partner. 

When the acceptor is an immunoglobulin partner, as del iiiclI above, it 
includes a sequence encoding a second antibody region of interest., lor example an 
5 be region. Immunoglobulin partners may also include sequences encoding another 
immunoglobulin to which the light or heavy chain constant region is fused m frame 
or by means of a linker sequence. Engineered antibodies directed against functional 
fragments or analogs of RSV may be designed to elicit enhanced binding with the 
same antibody. 

10 The immunoglobulin partner may also be associated with effector agents as 

defined above, including non-protein carrier molecules, to which the 
immunoglobulin partner may be operatively linked by conventional means. 

Fusion or linkage between the immunoglobulin partners, e.g., antibody 
sequences, and the effector agent may be by any suitable means, e.g., by 

15 conventional covalent or ionic bonds, protein fusions, or hetero-bifunctional cross- 
linkers, e.g., carbodiimide, glutaraldehyde, and the like. Such techniques are known 
in the art and readilv described in conventional chemistry and biochemistry texts. 

Additionally, conventional linker sequences which simply provide for a 
desired amount of space between the second immunoglobulin partner and the 

20 effector agent may also be constructed into the altered immunoglobulin coding 
region. The design of such linkers is well known to those of skill in the art. 

In addition, signal sequences for the molecules of the invention may be 
modified to enhance expression. For example the reshaped human antibody having 
the signal sequence and CDRs derived from the Fab Hul9 heavy chain sequence, 

25 may have the original signal peptide replaced with another signal sequence such as 
the Campath leader sequence (Page, M. J. et ah, BioTech n ology 9:64-68f 1991 )). 

An exemplary altered antibody, a reshaped human antibody, contains a 
variable heavy and the entire light chain peptide or protein sequence having the 
antigen specificity of Fab Hul9, fused to the constant heavy regions Cj-j.i-Cj^.;, 

30 derived from a second human antibody. 

19 
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In still a further embodiment, the engineered antibody of the invention may 
have attached to it an additional agent. For example, the procedure of recombinant 
DNA technology may be used to produce an engineered antibody of the invention in 
which the Fc fragment or CH2 CH3 domain of a complete antibody molecule has 
5 been replaced by an enzyme or other detectable molecule (i.e., a polypeptide effector 
or reporter molecule). 

Another desirable protein of this invention may comprise a complete 
antibody molecule, having full length heavy and light chains, or any discrete 
fragment thereof, such as the Fab or F(ab') 2 fragments, a heavy chain dimer, or any 

10 minimal recombinant fragments thereof such as an F v or a single-chain antibody 
(SCA) or any other molecule with the same specificity as the selected donor Fab 
Hul9. Such protein may be used in the form of an altered antibody, or may be used 
in its unfused form. 

Whenever the immunoglobulin partner is derived from an antibody different 

15 from the donor antibody, e.g., any isotype or class of immunoglobulin framework or 
constant regions, an engineered antibody results. Engineered antibodies can 
comprise immunoglobulin (Ig) constant regions and variable framework regions 
from one source, e.g., the acceptor antibody, and one or more (preferably all) CDRs 
from the donor antibody, e.g., the anti-RSV antibody described herein. In addition, 

20 alterations, e.g., deletions, substitutions, or additions, of the acceptor mAb light 
and/or heavy variable domain framework region at the nucleic acid or amino acid 
levels, or the donor CDR regions may be made in order to retain donor antibody 
antigen binding specificity or to reduce potential immunogenicity. In the present 
invention, a preferred mutation is the alteration of the consensus N-linked 

25 glycosylation site in CDR2 of the Hul9A and Hu 19B heavy chain, as exemplified in 
the heavy chains of Hul9C and Hul9D (Fig. 2) (SEQ ID NO'S 7 and 8). 

Such engineered antibodies are designed to employ one (or both) of the 
variable heavy and/or light chains of the RSV mAb (optionally modified as 
described) or one or more of the below-identified heavy or light chain CDRs. The 

30 engineered antibodies of the invention are neutralizing, i.e., they desirably inhibit 
virus growth in vitro and in vivo in animal models of RSV infection. 

20 
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Such engineered antibodies may include a reshaped tinman antibody 
containing the human heayy and light chain constant regions lused to the RSY 
antibody functional fragments. A suitable human tor other animal) acceptor 
antibody ma\ be one selected from a conventional database, e.g., the KABAT 
s database. Los Alamos database, and Swiss Protein database, b\ homology to the 
nucleotide and ammo acid sequences of the donor antibody. A human antibody 
characterized by a homology to the framework regions ot the donor antibody (on an 
amino acid basis) may be suitable to provide a heavy chain constant region and/or a 
heavy chain variable framework region tor insertion of the donor CDRs. A suitable 
10 acceptor antibody capable of donating light chain constant or variable framework 
regions may be selected in a similar manner. It should be noted that the acceptor 
antibody heavy and light chains are not required to originate from the same acceptor 
antibody. 

Desirably the heterologous framework and constant regions are selected from 

15 human immunoglobulin classes and isotypes, such as IgG (subtypes 1 through 4), 
IgM. IgA and IgE. The Fc domains are not limited to native sequences, but include 
mutant variants known m the art that alter function. For example, mutations have 
been described in the Fc domains of certain IgG antibodies that reduce Fc-mediated 
complement and Fc receptor binding (see, e.g., A. R. Duncan ej al.. Nature 332:563- 

20 564 < 1988); A. R. Duncan and G. Winter, Nature 332:738-740 ( 1988); M.-L. Alegre 
et al., J. Immunol . 148:3461-3468 ( 1992); M.-H. Tao et al.. J. Exp. Med . 178:661- 
667 ( 1993); V. Xu et al. J. Biol. Chcm .. 269:3469-2374 (1994)), alter clearance rate 
(J.-K. Kim et al., Eur. J. Immunol . 24:542-548 ( 1994), and reduce structural 
heterogeneity (S. Angal et al., Mol. Immuno l. 30: 105-108 ( 1993)). Also, other 

25 modifications are possible such as oligomenzauon of the antibody by addition of the 
tailpiece segment of IgM and other mutations (R. I. F. Smith and S. L. Morrison. 
Biotechnology 12:683-688 ( 1994); R. I. F. Smith et aL J. Immunol .. 154: 2226-2236 
( 1995)) or addition of the tailpiece segment of IgA (I. Kanv ct al., J. Immunol . 157: 
29-38 ( 1996). However, the acceptor antibody need not comprise only human 

30 immunoglobulin protein sequences. For instance a gene may be constructed in 

which a DNA sequence encoding part of a human immunoglobulin chain is fused to 
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a DNA sequence encoding a non-immunogiobulin amino acid sequence such as a 
polypeptide effector or reporter molecule. 

The altered antibody thus preferably has the structure of a natural human 
antibody or a fragment thereof, and possesses the combination of properties required 
5 for effective therapeutic use, e.g., treatment of RS V mediated diseases in man, or for 
diagnostic uses. 

It will be understood by those skilled in the art that an altered antibody may 
be further modified by changes in variable domain amino acids without necessarily 
affecting the specificity and high affinity of the donor antibody (i.e., an analog). It is 
10 anticipated that heavy and light chain amino acids may be substituted by other amino 
acids either in the variable domain frameworks or CDRs or both. Particularly 
preferred is the immunological editing of such reconstructed sequences as illustrated 
in the examples herein. 

In addition, the variable or constant region may be altered to enhance or 
15 decrease selective properties of the molecules of the instant invention, as described 
above. For example, dimerization, binding to Fc receptors, or the ability to bind and 
activate complement (see, e.g., Angal et ah, Mol. Immunol , 30 : 105-108 (1993), Xu 
et aL, J. Biol. Chem , 269:3469-3474(1994), Winter et al., EP 307,434-B). 

Such antibodies are useful in the prevention and treatment of RSV mediated 
20 disorders, as discussed below. 

VL Production of Altered antibodies and Engineered Antibodies 
The resulting reshaped human antibodies of this invention can be expressed 
in recombinant host cells, e.g., COS, CHO or myeloma cells. A conventional 

25 expression vector or recombinant plasmid is produced by placing these coding 
sequences for the altered antibody in operative association with conventional 
regulatory control sequences capable of controlling the replication and expression in, 
and/or secretion from, a host cell. Regulatory sequences include promoter 
sequences, e.g., CMV promoter, and signal sequences, which can be derived from 

30 other known antibodies. Similarly, a second expression vector can be produced 
having a DNA sequence which encodes a complementary antibody light or heavy 
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chain. 1*1 ct crabt\ this second expression vector is identical to the first except lnsofai 
as the coding .sequences and selectable markers are concerned, so to ensure as tar as 
possible that each polypeptide chain is functionally expressed. Alternatively, the 
heaw and light chain coding sequences tor the altered antibody mav reside on a 
5 single vector. 

A selected host cell is co-transteeted by conventional techniques with both 
the first and second vectors (or simply transfectcd by a single vector) to create the 
transfeeted host cell of the invention comprising both the recombinant or synthetic 
light and heavy chains. The transfeeted cell is then cultured by conventional 

10 techniques to produce the engineered antibody of the invention. The production of 
the antibody which includes the association of both the recombinant heavy chain and 
light chain is measured in the culture by an appropriate assay, such as ELISA or 
RIA. Similar conventional techniques may be employed to construct other altered 
antibodies and molecules of this invention. 

15 Suitable vectors for the cloning and subcloning steps employed in the 

methods and construction of the compositions of this invention may be selected by 
one of skill in the art. For example, the conventional pUC series of cloning vectors, 
may be used. One vector used is pUC19, which is commercially available from 
supply houses, such as Amersham (Buckinghamshire, United Kingdom) or 

20 Pharmacia (Uppsala, Sweden). Additionally, any vector which is capable of 

replicating readily, has an abundance of cloning sites and selectable genes (e.g., 
antibiotic resistance), and is easily manipulated may be used for cloning. Thus, the 
selection of the cloning vector is not a limiting factor in this invention. 

Similarly, the vectors employed for expression of the engineered antibodies 

25 according to this invention may be selected by one of skill in the art from any 

conventional vectors. Preferred vectors include for example plasmids pCD or pCN. 
The vectors also contain selected regulatory sequences (such as CMV promoters) 
which direct the replication and expression of heterologous DNA sequences in 
selected host cells. These vectors contain the above described DNA sequences 

30 which code for the engineered antibody or altered immunoglobulin coding region. 
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In addition, the vectors may incorporate the selected immunoglobulin sequences 
modified by the insertion of desirable restriction sites for ready manipulation. 

The expression vectors may also be characterized by genes suitable for 
amplifying expression of the heterologous DNA sequences, e.g., the mammalian 

5 dihydrofolate reductase gene (DHFR). Other preferable vector sequences include a 
poly A signal sequence, such as from bovine growth hormone (BGH) and the 
betaglobin promoter sequence (betaglopro). The expression vectors useful herein 
may be synthesized by techniques well known to those skilled in this art. 

The components of such vectors, e.g. replicons, selection genes, enhancers, 

10 promoters, signal sequences and the like, may be obtained from commercial or 
natural sources or synthesized by known procedures for use in directing the 
expression and/or secretion of the product of the recombinant DNA in a selected 
host. Other appropriate expression vectors of which numerous types are known in 
the art for mammalian, bacterial, insect, yeast, and fungal expression may also be 

15 selected for this purpose. 

The present invention also encompasses a cell line transfected with a 
recombinant plasmid containing the coding sequences of the engineered antibodies 
or altered immunoglobulin molecules thereof. Host cells useful for the cloning and 
other manipulations of these cloning vectors are also conventional. However, most 

20 desirably, cells from various strains of E. colt are used for replication of the cloning 
vectors and other steps in the construction of altered antibodies of this invention. 

Suitable host cells or cell lines for the expression of the engineered antibody 
or altered antibody of the invention are preferably mammalian cells such as CHO, 
COS, a fibroblast cell (e.g., 3T3), and myeloid cells, and more preferably a CHO or a 

25 myeloid cell. Human cells may be used, thus enabling the molecule to be modified 
with human glycosylation patterns. Alternatively, other eukaryotic cell lines may be 
employed. The selection of suitable mammalian host cells and methods for 
transformation, culture, amplification, screening and product production and 
purification are known in the art. See, e.g., Sambrook et al., cited above. 

30 Bacterial cells may prove useful as host cells suitable for the expression of 

the recombinant Fabs of the present invention (see, e.g., Pluckthun, A., Immunol. 
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Rev. . 1 30 : 1 5 1 - 1 SS ( I ( )92 ) ) The tendency of proteins expressed m bacterial cells to 
be in an unfolded or improperly folded form or m a non-glycosylated form does not 
pose as great a concern as Fabs are not normally glycosylated and can be engineered 
for exported expression thereby reducing the high concentration that facilitates 
5 misfoldmg. Nevertheless, any recombinant Fab produced m a bacterial cell would 
have to be screened for retention of antigen binding ability If the molecule 
expressed by the bacterial cell was produced and exported in a properly folded form, 
that bacterial cell would be a desirable host. For example, various strains oi coii 
used for expression are well-known as host cells in the field of biotechnology . 

10 Various strains o\ B. subtilis, Streptomyces, other bacilli and the like may also be 
employed in this method. 

Where desired, strains of yeast cells known to those skilled in the art are also 
available as host cells, as well as insect cells, e.g. Drosophila and Lepidoptera and 
viral expression systems. See, e.g. Miller_et aL Genetic Engineering , 8:277-298. 

15 Plenum Press ( 1986) and references cited therein. 

The general methods by which the vectors of the invention may be 
constructed, the transfection methods required to produce the host cells of the 
invention, and culture methods necessary to produce the altered antibody of the 
invention from such host cell are all conventional techniques. Likewise, once 

20 produced, the altered antibodies of the invention may be purified from the cell 

culture contents according to standard procedures of the art, including ammonium 
sulfate precipitation, affinity columns, column chromatography, gel electrophoresis 
and the like. Such techniques are within the skill of the art and do not limit this 
invention. 

25 Yet another method of expression of resphaped antibodies may utilize 

expression in a transgenic animal, such as described in U. S. Patent No. 4,873,316. 
This relates to an expression system using the animal s casein promoter which when 
transgenically incorporated into a mammal permits the female to produce the desired 
recombinant protein in its milk. 

30 Once expressed by the desired method, the engineered antibody is then 

examined for in vitro activity by use of an appropriate assay. Presently conventional 
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ELISA assay formats are employed to assess qualitative and quantitative binding of 
the altered antibody to RSV. Additionally, other in vitro assays and in vivo animal 
models may also be used to verify neutralizing efficacy prior to subsequent human 
clinical studies performed to evaluate the persistence of the altered antibody in the 
5 body despite the usual clearance mechanisms. 

VII. Therapeutic/Prophylactic Uses 

This invention also relates to a method of treating humans experiencing 
RSV-related symptoms which comprises administering an effective dose of 

10 antibodies including one or more of the altered antibodies described herein or 
fragments thereof. 

The therapeutic response induced by the use of the molecules of this 
invention is produced by the binding to RSV and thus subsequently blocking RSV 
propagation. Thus, the molecules of the present invention, when in preparations and 

15 formulations appropriate for therapeutic use, are highly desirable for those persons 
experiencing RSV infection. For example, longer treatments may be desirable when 
treating seasonal episodes or the like. The dose and duration of treatment relates to 
the relative duration of the molecules of the present invention in the human 
circulation, and can be adjusted by one of skill in the art depending upon the 

20 condition being treated and the general health of the patient. 

The altered antibodies, antibodies and fragments thereof of this invention 
may also be used alone or in conjunction with other antibodies, particularly human 
or humanized mAbs reactive with other epitopes on the F protein or other RSV 
target antigens as prophylatic agents. 

25 The mode of administration of the therapeutic and prophylatic agents of the 

invention may be any suitable route which delivers the agent to the host. The altered 
antibodies, antibodies, engineered antibodies, and fragments thereof, and 
pharmaceutical compositions of the invention are particularly useful for parenteral 
administration, i.e., subcutaneously, intramuscularly, intravenously, or intranasally. 

30 Therapeutic and prophylacticagents of the invention may be prepared as 

pharmaceutical compositions containing an effective amount of the altered antibody 

26 
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of the invention as an active ingredient in a pharmaceuticallv acceptable earner An 
aqueous suspension or solution containing the antibody. preferably buffered at 
pin siological pH. m a form ready tor iniection is preferred. The compositions tor 
parenteral administration will commonly comprise a solution of the engineered 
5 anubod\ of the invention or a cocktail thereof dissolved m an pharmaceuticallv 

acceptable earner, preferably an aqueous earner. A variety of aqueous earners ma\ 
be employed, e.g., 0.4 c y saline. 0.3 r f glycine, and the like. These solutions are 
sterile and generally free of particulate matter These solutions may be sterilized b\ 
conventional, well known sterilization techniques (e.g., filtration). The 

10 compositions may contain pharmaceuticallv acceptable auxiliary substances as 

required to approximate physiological conditions such as pH adjusting and buttering 
agents, etc. The concentration of the antibody of the invention in such 
pharmaceutical formulation can vary widelv. i.e.. from less than about 0.5 f 7. usual I \ 
at or at least about 1 r f to as much as 15 or 20 r f by weight and will be selected 

15 primarily based on fluid volumes, viscosities, etc., according to the particular mode 
of administration selected. 

Thus, a pharmaceutical composition of the invention for intramuscular 
injection could be prepared to contain 1 mL sterile buffered water, and between 
about 1 ng to about 100 mg, e.g. about 50 ng to about 80 mg or more preferably. 

20 about 5 mg to about 75 mg of an engineered antibody of the invention. Similarly, a 
pharmaceutical composition of the invention for intravenous infusion could be made 
up to contain about 250 ml of sterile Ringer's solution, and about 1 to about 75 and 
preferably 5 to about 50 mg/ml of an engineered antibody of the invention. Actual 
methods for preparing parenterally administrate compositions are well known or 

25 will be apparent to those skilled in the art and are described in more detail in, for 

example. Remington's Pharmaceutical Science, !5th ed.. Mack Publishing Company. 
Easton, Pennsylvania. 

It is preferred that the therapeutic and prophylactic agents of the invention, 
when in a pharmaceutical preparation, be present in unit dose forms. The 

30 appropriate therapeutically effective dose can be determined readily by those of skill 
in the art. To effectively treat an inflammatory disorder in a human or other animal. 
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one dose of approximately 0. 1 mg to approximately 20 mg per 70 kg body weight of 
a protein or an antibody of this invention should be administered parenterally, 
preferably i.v. or i.m. (intramuscularly). Such dose may, if necessary, be repeated at 
appropriate time intervals selected as appropriate by a physician. 
5 The altered antibodies and engineered antibodies of this invention may also 

be used in diagnostic regimens, such as for the determination of RSV mediated 
disorders or tracking progress of treatment of such disorders. As diagnostic 
reagents, these altered antibodies may be conventionally labeled for use in ELISAs 
and other conventional assay formats for the measurement of RSV levels in serum, 

10 plasma or other appropriate tissue, or the release by human cells in culture. The 

nature of the assay in which the altered antibodies are used are conventional and do 
not limit this disclosure. 

The antibodies, altered antibodies or fragments thereof described herein can 
be lyophilized for storage and reconstituted in a suitable carrier prior to use. This 

15 technique has been shown to be effective with conventional immunoglobulins and 
art-known lyophilization and reconstitution techniques can be employed. 

The following examples illustrate various aspects of this invention including 
the construction of exemplary engineered antibodies and expression thereof in 
suitable vectors and host cells, and are not to be construed as limiting the scope of 

20 this invention. All amino acids are identified by conventional three letter or single 
letter codes. All necessary restriction enzymes, plasmids, and other reagents and 
materials were obtained from commercial sources unless otherwise indicated. All 
general cloning ligation and other recombinant DNA methodology were as 
performed in T. Maniatis et al., cited above, or the second edition thereof (1989), 

25 eds. Sambrook et al., by the same publisher ("Sambrook et al."). 

Example A 

Conversion of Hul9 Fab to mAb Version A: Direct Cloning 

For expression in mammalian cells, the heavy chain variable region and the 
30 light chain variable and constant regions from the Fab clone 19 plasmid(C. Barbas 
m et al., Proc. Nat'l. Acad. Sci. (USA) 89, 10164-10168 (1992) and PCT application 

28 
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Publication No. WO ^)470644S. Application No. PCT/VS93/OS7Sh Cell lane Clone 
P> reierenced therein as ATCC Accession No. 69072) herein designated Hul9 Fab. 
were cloned into derivatives of plasmid PCDN iNambi. A. e_LaL Molecular and 
Cellular Biochemistr\ 1 3 1 : 75-86 i 1994>. in which the expression ot the antibodv 
5 chain is driven hy the CM\' promoter Plasmid PCD-HC68B is used lor cloning and 
expressing lull length heavy chains and plasmid PON HuLC, tor cloning and 
expressing lull length light chains (Figure 1 shows the strategy lor cloning ot version 
A ol the Hul9 mAb). 

In the initial constructs, the changes m the sequence at the amino terminus. 

10 introduced by the PCR primers used for cloning, were not altered. For the heavy 

chain, the variable region was extracted from the Hu 19 Fab plasmid (C. Barbas III et 
a].. Proc. Nat l. Acad. Sci. (CSA) 89, 10164-10168 ( 1992)) as an Xho 1 -Bsp 1 201 
fragment and introduced into the same sites in PCD-HC68B. The Xho I site was 
introduced at the amino terminus by the PCR primer and, when cloned into PCD- 

15 HC68B at the same site is preceded in frame by the Campath leader sequence (Page, 
J.M. et ah, Biotechnology 9:64-68 ( 1 99 1 ). The Bsp 1 201 site is a naturally occurring, 
highly conserved sequence at the beginning of the CH 1 domain, and when cloned 
into PCD-HC68B at the same site is in frame with the remaining sequence for the 
CHI through CH3 regions of human IgGI (Figure 1 ). In the resulting construct, 

20 ' ''il9AHcpcd, the amino acids immediately following the Campath leader are 

EVQLLEE (Fig. 2 SEQ ID NO 5, AMINO ACIDS 20 - 26), where the residues LE 
are encoded by the nucleotide sequence for the Xhol cloning site. The complete 
nucleotide sequence for the plasmid Hu]9AHcpcd is shown in Fig. 4 A (SEQ ID NO 
14). 

25 Of note, sequence analysis revealed base differences from the published 

sequence (C. Barbas III et aL Proc. Natl Acad. >ci. (USA) 89, 10164-10168 
(1992), PCT publication W 094/06448 > within the heavy chain region from the Hul9 
Fab plasmid. The changes encode amino acid differences at positions 15 and 16(14 
and 15 according to consensus numbering of Kabat et al (Sequences of Proteins of 

30 Immunological Interest, fifth edition, N1H Publication No. 91-3242. 1991): 
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PG in the Hul9AHcpcd vector versus LA in the published sequence (see Fig 2 of 
this application and Fig. 4 of WO94/06448)). This discrepancy must represent an 
error in the original published sequence. PG at these positions is the consensus 
sequence in the closest homologues among published human antibodies (Kabat et 

5 ah, Sequences of Proteins of Immunological Interest, fifth edition, NIH Publication 
No. 91-3242, 1991) and in the likely germline parent sequence (see below, version 
B). In addition, sequences derived from 3 independent clonings initiated with the 
Hul 9 Fab plasmid all encoded PG at these positions. 

For the light chain, the variable and constant regions of the Hul 9 Fab 

10 plasmid were cloned as a SacMXbal fragment into the same sites in the pCN- 

HuLcvector. Both restriction sites correspond to restriction sites introduced by the 
primers used in the PCR amplification. The Sacl site is introduced at the amino 
terminus by the PCR primer and, when cloned into pCN-HuLC at the same site, is 
preceded in frame by the Campath leader sequence (Page, J.M. et ah, Biotechnology 

15 9:64-68 (1991). The first 2 amino acids of the mature light chain are therefore 
deleted. In the resulting construct, Hul9ALcpcn, the first 2 amino acids 
immediately following the leader are EL (Fig. 3, part A), where the residues EL are 
encoded by the nucleotide sequence for the Sac\ cloning site . The PCR primer used 
at the carboxy terminus of the constant region introduces a nucleotide substitution 

20 which changes the amino acid at position 202 of the mature light chain, from a 

serine to a leucine (Fig 3, part B). The Xba\ restriction site, introduced by the same 
PCR primer, lies outside the coding region and has no effect on the final amino acid 
sequence of the mature light chain. The complete nucleotide sequence of the 
plasmid Hul9Apcn is shown in Fig. 4B. 

25 As for the heavy chain above, there was a sequence discrepancy for the light 

chain between the published sequence (C. Barbas III et al., Proc. Nat'l. Acad. Sci. 
(USA) 89: 10164-10168 (1992), PCT publication WO94/06448) and the sequence 
obtained in the Hul9ALcpcn vector. A single base change resulted in glycine in 
Hul9ALcpcn in place of glutamic acid at position 97 (also consensus position 97 in 

30 Kabat et al (Sequences of Proteins of Immunological Interest, fifth edition, NIH 

Publication No. 91-3242, 1991)) in framework 4 (see Fig. 3 of this application and 

30 
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Fi l: . 4 of \V( )04/( )M4N r (ilvcine. hut not glutamic acid, is cnctnicd at this portion 
in a human J germiinc J mirmgene and glutamic acid was not observed anions a 
large collection of human antibody sequences i Rabat et a].. ' Sequences of Proteins 
of Innnunoiogicai Interest . fifth edition. NIH Publication No. 9 1 -3242. t 9 L ) 1 i. A No 
as lor the hea\\ chain, the glycine encoding sequence was observed for 3 separate 
clonings from the original Fab 19 vector ( Barbas et al., Proc. Natl. Acad. Sci. 
(TSA) S9, I 01 64- 101 6S i 1992). PCI publication W(.)94/0b44S ). These results 
demonstrate that the originally published sequence for Fab 19 light chain is in error. 

The Hul9AHcpcd and Hul9ALcpcn set of vectors were used to produce 
antibodv Hu 19A in COS cells and in CHO cells. 



WO 98/19704 



PCT/US97/19203 



Example B 

Version B :Cloning Of The Edited Fab Hul9 Heavy and Light Chains 

In cloning the variable region of the Fab 19 heavy chain, non-consensus 
5 amino acid changes relative to the predicted germline sequence were introduced at 
the amino terminus by the PCR primer (C Barbas III et a{., Proc. Nat'l. Acad. Sci. 
(USA) 89, 10164-10168(1992)). To determine the likely amino terminus of the 
heavy chain, the peptide sequence of the variable region of the Fab 19 heavy chain 
was aligned with all known human germline heavy chain sequences. Based on the 

10 results of this alignment, the germline amino terminus is predicted to be either 

QVQLVE or EVQLVE rather than the sequence EVQLLEE present in version A. 
To correct the N-terminus, the original Fab clone 19 heavy chain peptide was 
aligned with human heavy chain sequences previously cloned at SmithKline 
Beecham. A clone designated 97B27, which was obtained via PCR amplification 

15 from the beginning of its leader sequence, had the acceptable N-terminus of 
QVQLVE and was used to replace this region in the Fab 19 heavy chain. 
Specifically, the Fab 19 heavy chain in the Hul9 Fab plasmid was PCR amplified 
using a constant region primer which spanned the naturally occurring Bspl20 I site 
at the beginning of CHI, and a variable region primer which created a PvuW site 

20 (corresponding to the site naturally occurring in clone 97B27) at amino acids 3 and 4 
of the mature protein. This primer also introduced changes in the coding sequence at 
the amino terminus of the Fab 19 heavy chain, coding for the amino acid sequence of 
QLVE for amino acids 3-6 instead of QLLEE, as in the version A construct. The 
PCR fragment was cut with restriction enzymes PvuW and Bsp 1201, and, through a 

25 series of cloning steps, was combined with 97B27 at its PvuW site. The resulting 

clone, designated Hul9BHcpcd, contained the leader and first 3 amino acids of the 
variable region of clone 97B27 and coded for the consensus sequence QVQLVE at 
its amino terminus (Fig. 2). The nucleotide sequence of Hul9BHcpcd is shown in 
Fig. 4C (SEQ ID NO: 20) for the region encoding the heavy chain. Sequences 

30 differing from Hul9AHcpcd are bolded. 
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In cloning the variable region ot the Fab clone 1° light chain, chants were 
introduced at ine ammo terminus tor cloning purposes. hv the PCR primer, such that 
the first 4 ammo acids ot the Fab 1 l * light chain are FIEF. To determine the hkel\ 
ammo terminiu ot the light chain, the peptide sequence ot the variable region of the 
5 Fabl c > light eiuun was aligned with all known human germlme kappa chain 

sequences Based on the results of this alignment, the germlme amino terminus i> 
predicted to be DIQM. To convert the ammo terminus of Fab 19 Lc to the predicted 
germlme sequence. Fab 19 light chain was aligned with human kappa chain 
sequences previously cloned at SB. A Clone designated AG 1-37, which is the kappa 

10 chain obtained from cell line AG 1-37 obtained by PCR amplification from the 

middle of its leader sequence, had the desired N -terminus and was used to introduce 
the corrections into the Fab 19 light chain. The N-terrninal portion of the leader 
sequence was provided by the expression vector and was the consensus sequence for 
this family of leader regions. For this construct, the light chain coding region was 

15 excised from the Hui9 Fab vector (Fig. 1 ) as a HinfVXba I fragment. Hinf\ 

recognizes a site which spans amino acids 1 8 an 19 of the mature protein and is also 
present in clone AG 1-37. Through a series of cloning steps, the HmfMXbu\ 
fragment of the Fab 19 light chain was hgated to the Hinfl site in clone AG 1-37 
The final construct consisted of the leader and first 18 amino acids of the AG 1-37 

20 variable region linked to the variable and constant regions of the Fab 19 light chain, 
beginning at amino acid 19 of the V-region. The resulting clone, designated 
Hul9BLcpcn, is altered only in the region encoding the first tour amino acids of the 
variable region, coding for the consensus sequence DIQM (SEQ ID NO: 1 L AMINO 
ACIDS 21 - 24) instead of EIEL present in version A (Fig. 3A). The nucleotide 

25 sequence for plasmid Hul9BLcpcn is shown in Fig. 4D (SEQ ID NO: 22) for the 

region encoding the light chain. Sequences differing from Hul9ALcpcn are bolded. 

The vector set of Hul9BHcpcd and Hul9BLcpcn was used to produce 
antibody Hul9B in COS cells and in CHO cells. 

30 
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Example C 

Versions C & D: Mutation Of CDR2 Of Hul9B Heavy Chain To Eliminate a 
Glycosylation Site 

An N-linked glycosylation site is encoded within the CDR2 loop of the heavy 
5 chain. This glycosylation adds the potential for heterogeneity in the mAb produced 
in eucaryotic cells and for interference in binding antigen. To eliminate this 
glycosylation site, mutations were introduced separately at two different residues via 
PCR overlap technology. For the first mutation the serine at position 61 of the 
mature Hul9B heavy chain was substituted with alanine, to create Hul9C heavy 
10 chain. For the second substitution, the asparagine at position 59 was changed to 
glutamine, to create Hul9D heavy chain. 

SITGGSNGINYADSVKR S61A Substitution (SEQ ID NO: 1) 

I I I I I I I I I I I : I I I I I 
15 SITGGSNGINYSDSVKR Original HuB CDR2 (SEQ ID NO: 2) 

llllllllhlllllll 

S I TGGSNG IQYSDSVKR N5 9Q Substitution (SEQ ID NO: 3) 

Specifically, the mutations were introduced via the PCR overlap technique using one set 
20 of primers encoding the mutation and a second set of primers annealing to sequences 
within the CMV promoter and the CH2 constant region in plasmid Hul9Bpcd, as the 
outside 5* and 3' primers, respectfully. The final PCR product was digested with 
restriction enzymes, Eco Rl and Bsp 1201, and cloned into the Hul9BHcpcd vector at the 
same sites to create Hul9CHcpcd (Ser to Ala mutation) and Hul9DLcpcd (Asp to Gin 
25 mutation ) (Fig. 2). The final constructs were sequenced to verify that the mutations were 
present. The nucleotide sequences of the heavy chain regions in Hul9CHcpcd and 
Hul9DHcpcd are shown in Figs. 4E and 4F (SEQ ID NO'S 25 AND 27). Differences 
from Hul9Hcpcd are bolded. 

30 
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Example I) 

\ ersion C :( loning Of The Kdited (Constant Region 

In the original cloning the of the Fab 19 light chain, a change was purposek 
introduced at the cabow terminus by the PCR primer to eliminate a naturallv 
5 occurring Sad site tBarbas et aL supra ). Consequently, the amino acid at position 
202 of the Fab 19 light chain was changed from a serine to a leucine. This change 
was corrected as follows. Plasmid Hul9BLcpcn was cut with EcoR\ and BbsL a 
naturally occurring restriction site near the amino terminus of human kappa constant 
region and a 405 bp fragment, containing the nucleotide sequence coding for the 

!() leader, variable region, and first 5 amino acids of the kappa constant region, was 
isolated. Plasmid Lcveetor4, a puc 1 8 derivative containing a normal human kappa 
constant region with a Xbal site just distal to the coding region, was cut with Bbsl 
and Xba 1 and a 321 bp fragment containing the nucleotide sequence coding for the 
entire kappa constant region beginning at amino acid 6 was isolated. This fragment 

15 contains the naturally occurring Sad site near the end of the carboxy terminus and 
codes for a serine at position 202. Plasmid Hul9BLcpcn was also cut with EcoRl 
and Xba 1 and a 4947 bp fragment, containing the remainder of the vector sequence 
from plasmid Hul9BLepen, was isolated. The three fragments were ligated 
together to create Hul9CLcpcn. The amino acid sequence of the Hul9C light chain 

20 is shown in Figs. 3 A and 3B (SEQ ID NO'S 1 1 and 12) and the nucleotide sequence 
of the light chain region is shown in Fig 4G (SEQ ID NO: 29). Differences from 
Hul9ALcpcn are bolded. The vector Hul9CLcpcn, was used with Hul9CHcpcd or 
Hul9DHcpcd to produce antibody Hul9C and Hul9D, respectively, in COS cells 
and in CHO cells. 

25 

Example E 

Production of Hul9 IVlabs in mammalian cells: 

For initial characterization, the mAb constructs for each version, Hul9A 
heavy and light chain, Hul9B heavy and light chain, Hul9C heavy and light chain. 
30 and Hul9D heavy with Hul9C light chain, were expressed in COS cells essentially 
as described in Current Protocols in Molecular Biology (edited by F. M. Ausubel et 
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al. 1988. John Wiley & Sons, vol. 1. section 9.1). On day 1 after the transfection, 
the culture growth medium was replaced with a serum-free medium which was 
changed on day 3. The serum-free medium was a proprietary formulation but 
satisfactory results are obtained using DMEM supplemented with ITS™ Premix 
5 (insulin, transferrin, selenium mixture - Collaborative Research, Bedford, MA) and 1 
mg/ml BSA. The mAb was prepared from the day 3 + day 5 conditioned medium by 
standard protein A affinity chromatography methods (e.g., as described in Protocols 
in Molecular Biology) using, for example, Prosep A affinity resin (Bioprocessing 
Ltd., UK). 

10 To produce larger quantities of the Hul9 mAb (100-200 mgs), the vectors 

were introduced into a proprietary CHO cell system. However, similar results will 
be obtained using dhfr CHO cells as previously described (P. Hensley et al., J. 
Biological Chemistry 269:23949-23958 (1994)). Briefly, a total of 30ug of 
linearized plasmid DNA (15ug each of the A, B, C or D/C set of heavy chain and 

15 light chain vectors) was electroporated into lxlO 7 cells. The cells were initially 
selected in nucleoside-free medium in 96 well plates. After three to four weeks, 
media from growth positive wells was screened for human immunoglobulin using an 
ELISA assay. The highest expressing colonies were expanded and selected in 
increasing concentrations of methotrexate for amplification of the transfected 

20 vectors. The antibody was purified from conditioned medium by standard 
procedures using protein A affinity chromatography (Protein A sepharose, 
Pharmacia) followed by size exclusion chromatography (Superdex 200, Pharmacia). 

The concentration and the antigen binding activity of the eluted antibody are 
measured by ELISA. The antibody containing fractions are pooled and further 

25 purified by size exclusion chromatography. As expected for any such antibody, by 
SDS-PAGE, the predominant protein product migrated at approximately 150 kDa 
under non-reducing conditions and as 2 bands of 50 and 25 kDa under reducing 
conditions. For antibody produced in CHO cells, the purity was > 90%, as judged by 
SDS-PAGE, and the concentration was accurately determined by amino acid 

30 analysis. 
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Fxample F 

Preparation of Fab from HuPJB mAh: Samples with and without glvcosvlation 
in heavy chain ( 1)R2 

s 

Purification of M Ahs 

Each mAb was purified using an essentially similar purification procedure 
that is detailed here for mAb 19B. Conditioned media (2L) from a 6 day culture was 
harvested, sterile filtered and applied to a 2.5 X 5.1cm Protein A (Pharmacia, last 

10 flow) equilibrated in 20m M sodium phosphate. 150m\l sodium chloride, pH 7 

(PBS) at a linear How rate of 9Kcm/h. The column was washed with equilibration 
buffer and eluted with lOOrmM glycine pH 2.5. Elution fractions containing the mAb 
were immediately adjusted to pH 5.0 with 1M sodium hydroxide and applied at a 
concentration of 4.2 mg/mL to a Superdex 200 size exclusion column (2.b x 70 cm) 

15 equilibrated in 20 mM sodium phosphate buffer containing 150 mM NaCl, pH7.0. 

Monomeric mAb that was retained by the column at an apparent molecular weight of 
around 150 kDa was pooled and concentrated bv ultrafiltration to 5mg/mL. and 
stored at 4°C after sterile filtration. 

20 Electrophoretic analysts of MAb 1 9B and MAb 19C 

By reduced SDS-PAGE. mAb 19B resolved as 2 major bands at 52 kDa and 2SkDa 
corresponding to the heavy and light chains of IgG respectively, with an additional 
band at 59 kDa representing about l ( 'c of the total protein (Fig. 5l LC/mass 
spectrometry analysts of the two heavy chains follow ing excision f rom an SDS- 

25 PAGE and proteolytic digestion (see below), confirmed that the 59 kDa species 

represented an additional glycoform of m Ab 19B that contained carbohydrate at the 
predicted Vj-j glycosylation site. In contrast, reduced SDS-PAGE analysis of mAb 
19C (Fig. 5), in which this \'\{ glycosylation >aie is removed, showed that this mAb 
contains only the lower molecular weigh,! i 52 kDa) heavy chain species, as expected. 

30 
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Carbohydrate Analysis of mAb 19B 

The Hul9B construct contains an additional consensus sequence for N-linked 
glycosylation in the variable region of the heavy chain, -Asn 59 -Tyr-Ser-, in addition 
to the normal glycosylation site in the Ch2 domain of the heavy chain, -Asn 299 -Ser- 
5 Thr-. Analysis of both heavy chain bands by liquid chromatography, electrospray 

mass spectrometry (LC-ELMS) following reduction, alkylation, and tryptic digestion 
revealed that the 59 kDa band contains a variant that is glycosylated at Asn 59 in 
addition to being glycosylated at Asn 299 . The carbohydrate at Asn 59 is 
predominantly biantennary, core fucosylated carbohydrates having two sialic acid 
10 residues. This is a common carbohydrate structure found in CHO-expressed 

glycoproteins (such as sCR-1 and sCD4), but it differs from the carbohydrate found 
at the Asn299 site which lacks sialic acid altogether. 

Purification of mAb 19B Glycovariant 

15 Mab 19B (2 mg) was dialyzed against 20 mM Tris, pH 8.5 and applied to a 0.5 x 
5cm Mono Q column (Pharmacia) equilibrated in the same buffer at a linear flow 
rate of 300cm/h. The column was washed with equilibration buffer and eluted with 
a 20 column volume gradient from 0 mM to 50 mM NaCl in the same buffer (Fig. 
6). Fractions containing the glycovariant, as determined by SDS-PAGE, were 

20 pooled, dialyzed against PBS, sterile filtered and stored at 4°C. 
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Preparation of Fahs by Proteolytic Digestion 

inAbl9B (48mg) was removed and the pH adjusted to 7.0 with dilute sodium 
hydroxide. 2.5ml of lOOmM sodium phosphate buffer containing l()m\l HDTA. pH 
7 3; 1.3ml of lOOmM cysteine in K)mM sodium phosphate buffer containing ImM 
5 EDTA; and 2()ul of crystalline papain (Bochnnger. lOmg/ml) w ere added. The 
sample was incubated at 37°C for 2()h and the digest applied to a 1.5 x 2.6cm 
Protein G column equilibrated in PBS at a linear flow rate of 67cm/h. The column 
was washed with PBS and the nonbound fraction containing the Fab was collected 
and concentrated to 5ml in an Amicon ultrafiltration cell fitted with a 10, (XX) 
10 molecular weight cut-off membrane and applied to a 2.6 X 70cm Superdex 200 
(Pharmacia) size exclusion column equilibrated in PBS at a linear flow rate of 
23cm/h. FAb (total yield, 12mg) eluted as a monomer on the size exclusion column 
and analysis by non-reduced SDS-PAGE revealed a major band at 45kDa and the 
glycoform at 47kDa. 

15 

Separation of Fab Glvcovanant 

The mixture of glycosylated and unglycosylated Fab from cleaved mAb 19B was 
dialyzed against 20 mM sodium acetate, pH 4.5 and applied <4mg) to a 0.5 X 5cm 
Mono S column (Pharmacia) at 300cm/h equilibrated with 20mM sodium acetate 

20 buffer, pH 4.5. The column was then washed with equilibration buffer and eluted 
isocratically with the equilibration buffer containing 100 mM NaCl. Glycosylated 
Fab eluted after 5 column volumes whereas the unglycosylated FAb was retained 
longer, eluting after 6 column volumes. Fractions that contained only glycosylated 
Fab, as judged by SDS-PAGE, were pooled, diluted 1 : 1 with starting buffer and 

25 reapplied to a 0.16 X 5cm Mono S column at 30()cm/h. The Fab was once again 
eluted with 100 mM NaCl and fractions most enriched for glycosylated Fab were 
pooled, dialyzed against PBS pH 7.0, and sterile filtered. By SDS-PAGE analysis 
this fraction was enriched >90% with the glycosylated species (Fig. 7). The process 
yielded 3.3 mg of unglycosylated Fab and 0. 1 6 mg of glycosylated Fab, respectively. 
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Example G 

Binding of Hul9 mAb and Fab clone 19 proteins to recombinant F protein 

Binding of the various antibody constructs to recombinant F protein was 
5 measured in a standard solid phase ELISA. Antigen diluted in PBS pH 7.0 was 

adsorbed onto polystyrene round-bottom microplates (Dynatech, Immunolon II) for 
18 hours. Wells were then aspirated and blocked with 0.5% boiled casein (BC) in 
PBS containing 1% Tween 20 (PBS/0.05% BC) for 2 hours. Antibodies (50 ^il/well) 
were diluted to varying concentrations in PBS/0.5% BC containing 0.025% Tween 

10 20 and incubated in antigen coated wells for one hour. Plates were washed three 
times with PBS containing 0.05% Tween 20, using a Titertek 320 microplate 
washer, followed by addition of HRP-labelled protein A/G (50 jxl) diluted 1:5000. 
After washing three times, TMBlue substrate (TSI, #TM102) was added and plates 
were incubated an additional 15 minutes. The reaction was stopped by addition of 1 

1 5 NH2SO4 and absorbance read at 450 nm using a Biotek ELISA reader. 

The antigen binding epitope of Fab 19 and mAb construct 19B were 
examined in a competition ELISA. The test antibody construct was mixed with 
increasing concentrations of RSMU19 or B4 and added to F protein-coated wells. 
The epitope regions recognized by mAbs RSMU19 and B4 have been previously 

20 described in Arbiza et al., J. Gen'l Virol . 73:2225-34 (1992). The concentration of 
Fab 19 or mAb 19B used in competition studies was determined previously to give 
90% maximal binding to F antigen. Binding of Fab 19 or mAb 19B in the presence 
of other mAbs was detected using HRP-labelled goat anti-human IgG. The reaction 
was developed as stated above. 

25 Fabl9 and amAb constructs 19A or 19B, demonstrated equivalent binding to 

rF protein based on molar concentrations. Binding of Fab 19 or mAb 19B to rF 
(recombinant F) protein was inhibited by mAb B4 but not by RSMU19 indicating 
that the epitope region recognized by these constructs is localized to region aa 255- 
275 of the F protein (Table 1). 

30 

40 



BNSDOCID: <WO 9819704A 1_l_> 



WO 98/19704 |>c T f\ S97/ 19203 



Table 1: Viral F Protein Kpitope Recognized by mAb 19B 



(Onstruct 


Binding to rb 


Competition Binding to rF 






RSMl 19 mAb 


H4 mAb 






(aa 429)* 

1 


(aa 268. 272, 275) 










Fab 1 9 


io- l > 




+ 


mAb 19A 




not tested 


not tested 


mAb 19B 






4- 



* ammo acid residues critical for antigen recognition 



5 The mAb 19B also showed specific binding to RSV infected cells indicating 

recognition of the F protein as displayed in its native form. VERO cells infected 
with approximately 50 TCID50 RS Long virus were fixed in 90% methanol when 
CPE reached > 90% and were used as antigen in the ELISA format described above. 
Binding of biotinylated mAb 19B was detected with HRP-labelled -Streptavidm. In 
10 this assay, the EC50 for mAb 19B was 34 +/- ng/ml. 

Example H 

In vitro antiviral activity of the Hul9 Antibodies 

15 The ability of Fab fragments to inhibit virus-induced cell fusion was 

determined using a modification of the in vitro microneutraiization assay described 
by Beeler et al f J. of Virology 63: 2941-2950(1989)). In this assay. 50 ul of RS 
Long strain virus (approximately 100 TCID5o/well; American Type Culture 
Collection ATCC VR-26) were mixed with 0.1 ml VERO cells (5 x lOVwell; ATCC 

20 CCL-81) in Minimum Essential Media (MEM) containing 2% FCS, for 4 hours at 
37°C. 5% COi Serial two-fold dilution (in duplicate) of test samples (50 ul) were 
then added to wells containing virus-infected cells. Control cultures contained cells 
incubated with virus only (positive virus control) or cells incubated with media 
alone. Cultures were incubated at 37 C C in 5% CCh for 6 davs at which time 

25 cytopathic effects (CPE) in virus control wells were > 90%. Neutralization assays 
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were performed as described above except that serial dilutions of test samples were 
mixed with 100 TCTD50 of RS virus (50 ul each) for 2 hours at 37°C in 5% CO2 
before the addition of VERO cells (5 x 10 3 ). 

Microscopic examination for cytopathic effects were confrimed by EL1SA. 
5 Media was aspirated from cultures and replaced with 50 ul of 90% methanol/0.6% 
H2O2. After 10 minutes, fixative was aspirated and plates were air dried overnight. 
Viral antigen was detected in the fixed cultures using biotinylated human/bovine 
chimeric derivative of mAb B4 (RSCHB4; 1 ug/ml), followed by HRP-labelled 
streptavidin (Boehringer-Mannheim) diluted 1 : 10,000 (each lot was titrated to 
10 determine the optimal concentration). The reaction was developed using TMBlue 
and stopped by addition of 1 N H2SO4. Absorbance was measured at 450nm 
(O.D.450). 

Fusion-inhibition or neutralization titers were defined as the reciprocal 
dilution of test sample, or concentration of antibody, which caused a 50% reduction 

15 in ELISA signal (ED50) as compared to virus controls. Based on the curve 

generated in the ELISA by the standard virus titration, a 50% reduction in O.D.450 
in wells corresponded to > 90% reduction in virus titer. To determine the ED50, 
mean absorbance for replicate cultures (per dilution of test sample) was plotted 
against dilution of sample. Calculation of the 50% point, defined as (mean 

20 absorbance virus-infected cells + mean absorbance uninfected cells)/2, was based on 
regression analysis of the dose titration. 

SB 209763 is a humanized derivative of RSMU19 as described in P. R. 
Tempest et al., Biotechnology 9, 266-271 (1991). To determine the effects of 
coadministration of mAbl9B and SB 209763 on in vitro fusion-inhibition, the 

25 antibodies were titrated alone and in combination. Antibody interactions were 
analyzed using MacSynergy ™ II software. 

The in vitro antiviral titers of the mAb constructs generated either by direct 
cloning (version A) or after introduction of various sequence modfications (versions 
B-D) demonstrated potent neutralization and fusion-inhibition activity against a 

30 prototype RSV Long strain (Table 2). mAb 19B was also shown to neutralize 

clinical isolates representing multiple antigenic variants of RSV collected over the 
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1993/1994 season in the Philadelphia PA area (Table 3). When mAb I9B was co- 
adminisiered with a second antibody directed to a different F protein epitope (SB 
209763, critical residue aa 429), the effect on inhibition of virus growth in infected 
cell cultures was additive (data not shown). 

The antiviral titers ot the mAb constructs were approximately 5 to 10-fold 
lower than the titers obtained with the corresponding Fab constructs - Fab 19, 
Fabl9A or B (Table 2). Fabl9 is the original Fab protein produced directly in E. 
coli from the clone 19 plasnud, whereas Fabl9A and Fabl9B were derived by papain 
cleavage from the coresponding full length mAbs. Removal of the N-linked 
glycoslation site encoded within the CDR2 loop of the heavy chain by cloning had 
no effect on the overall antiviral activity of the mAb (Table 2; construct C compared 
to A and B). In addition, enrichment of the mAbl9B construct for normally 
glycosylated antibody did not significantly alter the in vitro fusion-inhibition titer 
(Table 4). However, enrichment for the glycovanant Fab fragment resulted in a 2 to 
10-fold reduction in in vitro antiviral activity compared to normally glycosylated Fab 
fragment (Table 4). 

Table 2: Antiviral Activity of 19A, 19B, 19C\ and 19D Constructs Against RS 
Long strain virus 



Construct 


Neutralization 


Fusion-Inhibition 




EC^o. ug/ml 


EC50 






(ug/ml) 


(nM) 


Fab 19 


0.34 ±0.25* 


0.22 


4.4 


Fabl9A 


not tested 


0.16 


3 


Fabl9B 


not tested 


0.12 ±0.06 


2.4 


mAb 19A 




2.8 ± 1.9 


18.9 


mAb 19B 


1.5 


2.3 ± 1.9 


15.3 


mAb 19C 


not tested 


2.4 


16 


mAb 19D 


not tested 


2.6 


17.3 



* mean + standard deviation 
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Table 3: Fusion-Inhibition Activity of mAb 19B against Clinical Isolates of 

RSV 

5 



Virus Isolate 


Fusion-Inhibition Titer 
EC™ (ue/ml) 




mAbl9B 


SB 209763 








RS Long (prototype Al) 


2.3 + 1.9 


1.3 + 0.8 


RS 9320 (prototype Bl) 


0.59 


2.5+ 1.1 








Al - V1763 


2.79 


1.95 


A2 - 847 


0.89 


0.27 


A2 - 626 


0.35 


0.36 


A3 - 7062 


2.65 


1.67 


A4 - 6652 


2.1 


1.52 








Bl -6973 


1.77 


2.22 


B2 - 6556 


1.49 


2.05 


B3 -447 


1.78 


1.7 
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Table 4: Antiviral Activity of 19B (ilycovariants 



Construct 


% 

glycovariant* 


Fusion-Inhibition Titer 
(us/ml) 








mAb 19B 


40% 


2.5 + 1.5 


Fraction A 


< 5% 


1.8 + 0.8 


Fraction B 


40% 


3.X + 0.9 








Fabl9B 


< 10% 


0.12 + 0.06 


Fraction A 


1% 


0.89 


Fraction B 


94% 


1.5 + 0.2 


Fraction C 


99% 


3.7 



* mAb or Fab fragments were untreated or run on MonoQ (Mab) or MonoS (Fab) 
columns to separate glycosylated versus minimally glycosylated forms in the varible 
5 region. 

Example I 

In vivo Activity of mAb 19B; Prophylaxis and Therapy in Balh/c Mouse 
10 Model. 

Balb/c mice (5/group) were inoculated intraperitoneal^ with doses ranging 
from 0.06 mg/kg to 5 mg/kg of mAb 19B either 24 hours prior (prophylaxis) or 4 
days after (therapy) intranasal infection w ith UP PFU of the A2 strain of human 

15 RSV. Mice were sacrificed 5 days after infection. Sera was obtained to determine 
antibody levels and lungs were homogenized to determine virus titers. Virus was 
undetectable in the lungs of mice treated prophylactically with > 1.25 ug mAb 19B, 
and corresponding serum concentrations of > 5 ug/ml (Table 5). Higher doses of 
mAb 19B were required for complete viral clearance when mAb was administered 

20 therapeutically (5 mg/kg). 
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Table 5: mAb 19B Prophylaxis and Therapy in Balb/c Mice 







Prophi 


flaxis 


Therapy 


Treatment 


Dose 


Lung Virus Titer 


Serum 


Lune Virus Titer 


Serum 






0og 1ft /g luns) 


Concentration 


(loeWc lune) 


Concentration 












(ug/ml) 


mAb 19B 


5 


<1.7 


15.6 


<1.7 


13.2 




1.25 


<1.7 


5.0 


2.5 + 0.4 


2.1 




0.31 


3.2 + 0.3 


0.79 


3.8 + 0.2 


0.61 




0.06 


3.8 + 0.6 


0.17 


4.5 + 0.1 


0.08 


PBS 




5.2 + 0.1 


<0.02 


4.7 + 0.3 


<0.036 



5 The results of examples G through I establish that the Hul9 antibodies have 

potent antiviral activity in vitro against a broad range of native RS V isolates of both 
type A and B, and show prophylactic and therapeutic efficacy in vivo in animal 
models. Thus, the Hul9 antibodies, most preferably Hul9C or Hul9D, are 
candidates for therapeutic, prophylactic, and diagnostic application in man. 



46 



BNSDOCID: <WO 98l9704A1J_> 



YVO 98/ 1 9704 



PC I lS i r 19203 



.-•A-er , Rdvr.orui A 



,0" ILr. IMVblXTlOri : Kumar. Mor.er I or.al 



i:: NUMBER OF SEQUENCES: • 0 



15 



i i v ) CORRESPONDENCE ADDRESS: 

~ ADDRESSEE: Sm 1 1: "riK 1 : r - ': -.-:a:r 

STREET: " '0 l : 4 Swede land Road 
(S) CITY: King of Prussia 
STATE: PA 
COUNTRY : C . S . A . 
ZIP: : 9 0 4 t 



t v; COMPUTER READABLE FORM : 
(A) MEDIUM TYPE: Disked- 
(3) COMPUTER : IBM Compa::o- 
(C) OPERATING SYSTEM: DOS 

{ D) SOFTWARE: r'astSEQ : or W : ndows Version 



30 



;vi) CURRENT APPLICATION OA I A : 

(A) APPLICATION NUMBEF : 

(B) FILING DATE: 

(C) CLASSIFICATION : 



IS 



;v;D PRIOR APPLICATION OA 'LA 
(A) APPLICATION NUM? ER : • 
[ B ) FILING DATE : 0 1 - 10 '.' . ' 



4" 
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(viii) ATTORNEY /AGENT INFORMATION: 
(A) NAME: Geiger, Kathleen 

5 (B) REGISTRATION NUMBER: 35,380 

(C) REFERENCE /DOCKET NUMBER: P50504 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 610-270-5968 

10 (B) TELEFAX: 610-270-5090 

(C) TELEX: 



(2) INFORMATION FOR SEQ ID NO : 1 : 



15 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
20 <D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 



25 



30 



Ser lie Thr Gly Gly Ser Asn Gly lie Asn Tyr Ala Asp Ser Val Lys 

15 10 15 

Arg 



(2) INFORMATION FOR SEQ ID NO : 2 : 



(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 17 amino acids 
35 (B) TYPE: amino acid 

(C) STRANDEDNESS: single 
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^■n 



a r ( i 



■,..:» INFORMATION' FOR SK^ ID NO: j : 

• : i SEQUENCE CHAFlACTERI ST I CS : 
15 (A) LENGTH: : "7 ammo acids 

( i j ) T Y ? E : ci rn. ir.o rjci ci 
(O; STRANDEDNESS : single 
CO, TOPOLOGY: linear 

20 OO MOLECULE TYPE: procem 

ixi.i SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

Se: He Thr Gly Gly Ser Asn GO/ lie Gin Tyr Ser Asp Ser Va 

25 i 5 ii :i 

Arg 



;2j INFORMATION FOR SEQ ID NO : 4 

30 

;i; SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9S ammo jcigs 

( B ) TY P E : ami no ac l d 

(CO STRANDEDNESS : - : : . i . • 
35 [D) TOPOLOGY: Lneai 
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(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

5 Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 

15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 30 

Glu Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
10 35 40 45 

Ser Tyr lie Ser Ser Ser Gly Ser Thr lie Tyr Tyr Ala Asp Ser Val 

50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 

15 Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 

85 90 95 

Ala Arg 



20 (2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 139 amino acids 

(B) TYPE: amino acid 

25 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

Met Gly Trp Ser Cys lie lie Leu Phe Leu Val Ala Thr Ala Thr Gly 

15 10 15 

Val His Ser Glu Val Gin Leu Leu Glu Val Glu Ser Gly Gly Gly Leu 
35 20 25 30 



50 



BNSDOC1D: <WO 9819704A1 J_> 



\V() 98/1^04 



; v. G ; v Ar:: [ ::■ ■ Trn 



0 



A.-m S-: Leu :y: Leu G 1 n Me: A=n Se;. Leu Th: 

Vai Tyr Tyr -y-' Ala Thr Ala I 1 -.-, il~ A 1 a Pro 
115 12': 



- o G ^ v G In G G 



Arc Thr Ai, 



-sd t-. i . ■ 



vci . m. 1" a - 



15 



GJFORMATION "OK SEy — NO : 6 



20 



; SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 138 ammo acids 
', E ) TYPE: ammo acid 
(C) STRANDEDNESS : 3 male 
:D) TOPOLOGY: linear 



25 



ii) MOLECULE TYPE: protein 



;xG SEQUENCE DESCRIPTION: SEQ G 



Met Glu Phe Gly Leu Ser Trp Val Pre Leu Vai Ala Leu Leu Arg G. 



30 



'a I G 



In Cys Gin Vai Gin Leu Vai Va. Glu Ser- Gly Gly Gly Leu Aj 



Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Thr Thr 



35 



A 5 



Ser Gly Tyr Thi Met His Trp Vai Aru Gin Ala Pro Gly Lys sly Le\ 

5 0 5 5 6 0 
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Glu Trp Val Ser Ser lie Thr Gly Gly Ser Asn Phe lie Asn Tyr Ser 
65 70 75 80 

Asp Ser Val Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn 

85 90 95 

5 Ser Leu Tyr Leu Gin Met Asn Ser Leu Thr Ala Glu Asp Thr Ala Val 

100 105 110 

Tyr Tyr Cys Ala Thr Ala Pro lie Ala Pro Pro Tyr Phe Asp His Trp 

115 120 125 

Gly Gin Gly Thr Leu Val Thr Val Ser Ser 
10 130 135 

(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 13 8 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

Met Glu Phe Gly Leu Ser Trp Val Phe Leu Val Ala Leu Leu Arg Gly 

25 1 5 10 15 

Val Gin Cys Gin Val Gin Leu Val Val Glu Ser Gly Gly Gly Leu Arg 

20 25 30 

Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Thr Thr Leu 
35 40 45 

30 Ser Gly Tyr Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 
50 55 60 

Glu Trp Val Ser Ser lie Thr Gly Gly Ser Asn Phe lie Asn Tyr Ala 
65 70 75 80 

Asp Ser Val Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn 

35 85 90 95 
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;H INFORMATION FH GE-: 



10 



sequence character : chop 

L ENG T H : 1 3 .? a rr. i n ■' ■ acid. 
; TYPE: am i o acid 
: STEAJNDEDNESS : Sinqlr 
TOPOLOGY: Linear 



: i i MOLECULE TYPE: nro^em 



■;xij SEQUENCE DESCRIPTION: SET ID NO : S : 



20 Mer J 1 u Pne 



Leu Ser Trp Val Phe Leu Va 3 Ala Leu Leu Arg Gly 

5 10 15 



Val ,H . Oys Gin Val Gin Leu Val Val Glu Ser Gly Gly Gly Leu Arc 



30 



ly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Thr Thr Leu 

3 5 4 0 4 5 

ly Tyr Thr Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 



Glu Trp Val Ser Ser He Thr Gly G.y Ser Asn Phe He 



to *3 



70 



Asp Ser Val Lys Gly Arg Phe Thr 

35 



Arg Asp Asn Ala Lys A sr. 



Ser Leu Tyr Leu Gin Met Asn Ser Leu Thr Ala Glu Asp Thr Ala Va 



10 0 



1 : 5 



Tvi Tvr Cys Ala Thr Ala Pro He Ala Pro 



110 

Tyr Phe Asp His Trp 

12 5 



S ^ 



a s Dv xr : ', • w o ^ 1 . :g4.a i 
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Gly Gin Gly Thr Leu Val Thr Val Ser Ser 
130 135 

(2) INFORMATION FOR SEQ ID NO : 9 : 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 88 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



15 



30 



(xi> SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 



Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 

15 10 15 

Asp Arg Val Thr lie Thr Cys Arg Ala Ser Gin Ser lie Ser Ser Tyr 
20 25 30 

20 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lie 

35 40 45 

Tyr Ala Ala Ser Ser Leu Gin Ser Gly Val Pro Ser Arg Phe Ser Gly 

50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lie Ser Ser Leu Gin Pro 
25 65 70 75 80 

Glu Asp Phe Ala Thr Tyr Tyr Cys 

85 



(2) INFORMATION FOR SEQ ID NO: 10 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 124 amino acids 

( B) TYPE : amino acid 

(C) STRANDEDNESS: single 
35 (D) TOPOLOGY: linear 
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.,t j ;, .1.: O.s P*-r 0 : 1 . • : sol ^es s o.^a 



0 



20 



.iiy Asp A r q Val Thr : lo Tnr Pys> A:;; Ala Thr Gi :. Per Va 1 G-r As:: 

Ps- Leu Ass Trp Op's An G.:i Pys r s - ■. ; A/ A 1 u Ala P: o Tyr P^s 1 •-: 

: s0 0 r 5 0 

11- Tyi Asp Aid Per Thr Per ols G-> Ply Veil Pro Ser Ar Ph~ Per 

r S ' A ■ 7 0 0 

;py P e y G 1 y Per G 1 y Met- Asp Phe Pes TP: lie Go: .1 e i Lf u Air. 

c y 9 (j 9 0 

Pro Pis Asp Pes Ala Met: Tyr Tyr Cys Pis Ala Per lie Ass TPs Pro 

leu Phe G 1. y Gly Gly Thr Arg lie Asp Me: Arg Arq 



( I ) INFORMATION PGR SEQ IP NO : 1 1 : 

Pi) SEQUENCE CHARACTERISTICS : 
25 (A) LENGTH: 10 1 ansso acids 

( B ) TYPE: amino a c i d 
( C ) STRANDEDNESS : s i r.q 1 e 
(D) TOPOLOGY: linear 

30 sP MOLECULE TYPE: protes; 



ixP SEQUENCE DESCRIPTION : OP, 10 NO: II: 

Met Arq Veil Pro Ala Gin Leu Leu Py Leu Leu Leu Leu P: p 
35 1 5 A, 1 
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Gly Ala Arg Cys Asp lie Gin Met Asn Phe Leu Asn Trp Tyr Gin Gin 

20 25 30 

Lys Pro Gly Glu Ala Pro Thr Leu Leu lie Tyr Asp Ala Ser Thr Ser 

35 40 45 

Gin Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Met Asp 

50 55 60 

Phe Ser Leu Thr lie Ser Ser Leu Gin Pro Glu Asp Leu Ala Met Tyr 
65 70 75 80 

Tyr Cys Gin Ala Ser lie Asn Thr Pro Leu Phe Gly Gly Gly Thr Arg 

85 90 95 

lie Asp Met Arg Arg 
100 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 106 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



Thr Val Ala Ala Pro Ser Val Phe 

1 5 
Leu Lys Ser Gly Thr Ala Ser Val 
20 

Pro Arg Glu Ala Lys Val Gin Trp 

35 40 
Gly Asn Ser Gin Glu Ser Val Thr 

50 55 
Tyr Ser Leu Ser Ser Thr Leu Thr 
65 70 



He Phe Pro Pro Ser Asp Glu Gin 

10 15 
Val Cys Leu Leu Asn Asn Phe Tyr 
25 30 
Lys Val Asp Asn Ala Leu Gin Ser 

45 

Glu Gin Asp Ser Lys Asp Ser Thr 
60 

Leu Ser Lys Ala Asp Tyr Glu Lys 
75 80 
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10 



( A ; LENGTH : li't- air.i r.< • ac :d::; 

(3; TYPE: a:o .in,' a J 

(G) STRANLELNESS : 

<. D) TOPOLOGY : I rr.ear 

r) MGLECGLE TYPE: uror.eiii 



XI; SEQUENCE DESCRIPTION: SEO ID NO : 1 J 



Thr Yal Ala Ala Pro Ser Ya I Phe 1 !-_< Phe Pr-> Pro Jer Asp Gla GO 



20 Leu Lvs Ser Gly Thr Ala Ser Val 



30 



y s L.-eu Leu A s i i - ,j .5r; Pae 



Arq GIu Ala 



s v d ^ _ ri x r r? „ * 



Gly Asn Ser Gin Glu Ser Val Thr 

0 5 5 

Tyr Ser Leu Ser Ser Thr Leu Tar 
65 70 
His Lys Val Tyr Ala Cys Glu Y^i 

85 

Yal Thr Lys Ser Phe Asn Arq Gry 
100 



j a 1 rtsp a sr. 



G l n s p o e r 

50 

. • : Lys Ala 

o c. 



Ala Leu Gin Se 
4 5 

Lys Asp- Ser Th 



: i ; s G la Gly Leu Ser Leu 



(1) INFORMATION FOE SE. A Nj:i4 



35 



(i) SEQUENCE CHARACTER 
(A! LENGTH: 6S^I ; a: 



WO 98/19704 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

5 

(xi) SEQUENCE DESCRIPTION: 

GACGTCGCGG CCGCTCTAGG CCTCCAAAAA 
AGGCCGAGGC GGCCTCGGCC TCTGCATAAA 

10 GGAGAATGGG CGGAACTGGG CGGAGTTAGG 

ATGGTTGCTG ACTAATTGAG ATGCATGCTT 
GACTTTCCAC ACCTGGTTGC TGACTAATTG 
GGGGAGCCTG GGGACTTTCC ACACCCTAAC 
GGATCGATCC GTCGACGTAC GACTAGTTAT 

15 CATAGCCCAT ATATGGAGTT CCGCGTTACA 

CCGCCCAACG ACCCCCGCCC ATTGACGTCA 
ATAGGGACTT TCCATTGACG TCAATGGGTG 
GTACATCAAG TGTATCATAT GCCAAGTACG 
CCCGCCTGGC ATTATGCCCA GTACATGACC 

20 TACGTATTAG TCATCGCTAT TACCATGGTG 

GGATAGCGGT TTGACTCACG GGGATTTCCA 
TTGTTTTGGC ACCAAAATCA ACGGGACTTT 
ACGCAAATGG GCGGTAGGCG TGTACGGTGG 
AACCGTCAGA TCGCCTGGAG ACGCCATCGA 

25 TGGAGCTGTA TCATCCTCTT CTTGGTAGCA 

CTGCTCGAGG AGTCTGGGGG AGGCCTGGTC 
GCAGCCTCTG GAACCACCCT CAGTGGCTAT 
AAGGGGCTGG AGTGGGTCTC ATCCATTACT 
TCAGTGAAGG GCCGATTCAC CATCTCCAGA 

30 ATGAACAGCC TGACAGCCGA GGACACGGCT 

CCGCCCTACT TTGACCACTG GGGCCAGGGA 
AAGGGCCCAT CGGTCTTCCC CCTGGCACCC 
GCCCTGGGCT GCCTGGTCAA GGACTACTTC 
GGCGCCCTGA CCAGCGGCGT GCACACCTTC 

35 TCCCTCAGCA GCGTGGTGAC TGTGCCCTCC 

AACGTGAATC ACAAGCCCAG CAACACCAAG 
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SEQ ID NO: 14 : 



AGCCTCCTCA 


CTACTTCTGG 


AATAGCTCAG 


60 


TAAAAAAAAT 


TAGTCAGCCA 


TGCATGGGGC 


120 


GGCGGGATGG 


GCGGAGTTAG 


GGGCGGGACT 


180 


TGCATACTTC 


TGCCTGCTGG 


GGAGCCTGGG 


240 


AGATGCATGC 


TTTGCATACT 


TCTGCCTGCT 


300 


TGACACACAT 


TCCACAGAAT 


TAATTCCCGG 


360 


TAATAGTAAT 


CAATTACGGG 


GTCATTAGTT 


420 


TAACTTACGG 


TAAATGGCCC 


GCCTGGCTGA 


480 


ATAATGACGT 


ATGTTCCCAT 


AGTAACGCCA 


540 


GACTATTTAC 


GGTAAACTGC 


CCACTTGGCA 


600 


CCCCCTATTG 


ACGTCAATGA 


CGGTAAATGG 


660 


TTATGGGACT 


TTCCTACTTG 


GCAGTACATC 


720 


ATGCGGTTTT 


GGCAGTACAT 


CAATGGGCGT 


780 


AGTCTCCACC 


CCATTGACGT 


CAATGGGAGT 


840 


CCAAAATGTC 


GTAACAACTC 


CGCCCCATTG 


900 


GAGGTCTATA 


TAAGCAGAGC 


TGGGTACGTG 


960 


ATTCTGAGCA 


CACAGGACCT 


CACCATGGGA 


1020 


ACAGCTACAG 


GTGTCCACTC 


CGAGGTCCAA 


1080 


AGGCCTGGCG 


GGTCCCTAAG 


ACTCTCGTGT 


1140 


ACCATGCACT 


GGGTCCGCCA 


GGCTCCAGGG 


1200 


GGAGGTAGCA 


ACTTCATAAA 


CTACTCAGAC 


1260 


GACAACGCCA 


AGAACTCACT 


TTATCTGCAA 


1320 


GTCTATTATT 


GTGCGACCGC 


CCCTATAGCA 


1380 


ACCCTGGTCA 


CCGTCTCCTC 


AGCCTCCACC 


1440 


TCCTCCAAGA 


GCACCTCTGG 


GGGCACAGCG 


1500 


CCCGAACCGG 


TGACCGTGTC 


GTGGAACTCA 


1560 


CCGGCTGTCC 


TACAGTCCTC 


AGGACTCTAC 


1620 


AGCAGCTTGG 


GCACCCAGAC 


CTACATCTGC 


1680 


GTGGACAAGA 


AAGTTGAGCC 


CAAATCTTGT 


1740 
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AAGGAGGTCA GGGGGAGGTG CCTGGTCAAA GGGGT GG ATG GGAGGGAGAT CGCCGTGGA. 

Z G ; . GjA'jAGG; < A GG' JGC AGCC GG AGAAGAAG G A G AA G A. G G A GGGGTCGGGT GGTGGAGT 1 " 

10 GACGGGTCCT GGGTGGTGG A GAGGAAGGGG ACCGTGGACA AGAGGAGGGG GCAGC AGG;- 

AAGGGGGTGG GAGGGTGGGG GATGGATGAG GGGGGGGAGA AGGAGTAGAG GGAGAAGAG 

C7CTCCCTGT C7CCGGGTAA ATGATAGATA TCTACGTATG ATC AGCCTCG ACTGTGCGT' 

CTAGTTGCGA GGGATGGGTT GTTTGCCCCT GCCCCGTGCC GTGGGTGAGG GTGGAAGGG, 

CCACTCCCAC TGTCCTTTC G TAATAAAATG AGGAAATGGG ATCGCATTGT GTGAGTAGG " 

15 GTCATTCTAT TGTGGGGGGT GGGGTGGGGG A G G A C A G G A A GGGGGAGGAT TGGGAAGAG. 

ATAGG AGGGA TGGTGGGGAG GCGGTGGGGG GTATGGAACC AGCTGGGGCT CGACAGCGC 

GGATCTCCCG AGGGGGAGGT TTGCTTCTCA ATTTGTTATT TGCATAATGA GAAAAAAAG- 

AAAATTAATT TTAACACCAA TTCAGTAGTG GATTGAGCAA ATGCGGTGGC AAAAAGGAT' 

CTTTAGAG A C AGTGTTCTCT GCAGAGATAA GGACAAAGAT TATTCAGAGG GAGTACGGA. 

20 AGGTGAGAGT CCTAAGCCAG TGAGTGGCAC AGGATTGTAG G G AG AAA TAG GCTTGTGAT ' 

A G G G AA G G G G GATTGGGTAG AGCCACACCT TGGTAAGGGC CAATCTGCTG ACACAGGAT.- 

GAGAGGGGAG GAGGCAGGGG AGAGCATATA AGGTGAGGTA GGATGAGTTG CTCCTCAGA' 

TTGCTTCTGA GATAGTTGTG TTGGGAGCTT GGATAGCTTG GAGAGGTGAG GGCTGCGAT' 

TGGCGCCAAA GTTGAGGGCA ATCCTAGGGG GAAGGCTGGT AGGATTTTAT GGGGGG^GG 

25 ATCA.TGGTTC GAGGATTGAA GTGCATGGGG GGGGGGTGCG AAAATAGGGG GAGTGGGAA 

AAGGGAGACC TACCCTGGCC TGCGGGGAGG AAGGAGTTGA AG TAG T T G C A AAGAATGAG 

AGAAGCTGTT GAGTGGAAGG TAAAGAGAAT GGGGTGATTA TGGGTAGGAA AACCTGGTT 

TGGATTGCTG AGAAGAATCG ACCTTTAAAG GAG AG AATTA ATATAGGTGT CAGTAGAGA. 

GTCAAAGAAC CACCAGGAGG AGCTCAGTTT 7GTGGGAAAA GTTGGGATGA TGCGGTAAG, 



TCTGTTTACC AGGAAGCGAT G .AA T G AA G Z A GGGGACGTTA GACTCTTTGT GAGAAGGAG 

ATGGAGGAAT TTGAAAGTGA CAGGTTT r ?TG G G AG AAATTG ATTTGGGGAA A T AT AAA GG r 

CTCCCAGAAT ACCCAGGCGT CCTCTCTGAG GTGGAGGAGG AAAAAGGCAT GAAGGAGAA 

TTTGAAGTGT AG G AG AA G AA AGACTAAGAG GAAGATGGTT TGAAGTTGTG TGGTG^GGG 

35 CTAAAGGTAT GCATTTTTAT AA G A C C A T G G GAGTTGTGGT GGCTTTAGAT GAGGGTGGA- 
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GGAAGGTGCC ACTCCCACTG TCCTTTCCTA ATAAAATGAG GAAATTGCAT CGCATTGTCT 3 950 

GAGTAGGTGT CATTCTATTC TGGGGGGTGG GGTGGGGCAG GACAGCAAGG GGGAGGATTG 4 02 0 

GGAAGACAAT AGGAGGCATG CTGGGGATGC GGTGGGCTCT ATGGAACCAG CTGGGGCTCG 4 08 0 

ATCGAGTGTA TGACTGCGGC CGCGATCCCG TCGAGAGCTT GGCGTAATCA TGGTCATAGC 414 0 

5 TGTTTCCTGT GTGAAATTGT TATCCGCTCA CAATTCCACA CAACATACGA GCCGGAAGCA 4 2 00 

TAAAGTGTAA AGCCTGGGGT GCCTAATGAG TGAGCTAACT CACATTAATT GCGTTGCGCT 4 260 

CACTGCCCGC TTTCCAGTCG GGAAACCTGT CGTGCCAGCT GCATTAATGA ATCGGCCAAC 4 320 

GCGCGGGGAG AGGCGGTTTG CGTATTGGGC GCTCTTCCGC TTCCTCGCTC ACTGACTCGC 4 3 80 

TGCGCTCGGT CGTTCGGCTG CGGCGAGCGG TATCAGCTCA CTCAAAGGCG GTAATACGGT 4 440 

10 TATCCACAGA ATCAGGGGAT AACGCAGGAA AGAACATGTG AGCAAAAGGC CAGCAAAAGG 4 5 00 

CCAGGAACCG TAAAAAGGCC GCGTTGCTGG CGTTTTTCCA TAGGCTCCGC CCCCCTGACG 4 5 60 

AGCATCACAA AAATCGACGC TCAAGTCAGA GGTGGCGAAA CCCGACAGGA CTATAAAGAT 4 62 0 

ACCAGGCGTT TCCCCCTGGA AGCTCCCTCG TGCGCTCTCC TGTTCCGACC CTGCCGCTTA 4 68 0 

CCGGATACCT GTCCGCCTTT CTCCCTTCGG GAAGCGTGGC GCTTTCTCAA TGCTCACGCT 4 7 40 

15 GTAGGTATCT CAGTTCGGTG TAGGTCGTTC GCTCCAAGCT GGGCTGTGTG CACGAACCCC 4 8 00 

CCGTTCAGCC CGACCGCTGC GCCTTATCCG GTAACTATCG TCTTGAGTCC AACCCGGTAA 4 860 

GACACGACTT ATCGCCACTG GCAGCAGCCA CTGGTAACAG GATTAGCAGA GCGAGGTATG 4 92 0 

TAGGCGGTGC TACAGAGTTC TTGAAGTGGT GGCCTAACTA CGGCTACACT AGAAGGACAG 4 9 80 

TATTTGGTAT CTGCGCTCTG CTGAAGCCAG TTACCTTCGG AAAAAGAGTT GGTAGCTCTT 5 04 0 

20 GATCCGGCAA ACAAACCACC GCTGGTAGCG GTGGTTTTTT TGTTTGCAAG CAGCAGATTA 5100 

CGCGCAGAAA AAAAGGATCT CAAGAAGATC CTTTGATCTT TTCTACGGGG TCTGACGCTC 5160 

AGTGGAACGA AAACTCACGT TAAGGGATTT TGGTCATGAG ATTATCAAAA AGGATCTTCA 52 2 0 

CCTAGATCCT TTTAAATTAA AAATGAAGTT TTAAATCAAT CTAAAGTATA TATGAGTAAA 5280 

CTTGGTCTGA CAGTTACCAA TGCTTAATCA GTGAGGCACC TATCTCAGCG ATCTGTCTAT 534 0 

25 TTCGTTCATC CATAGTTGCC TGACTCCCCG TCGTGTAGAT AACTACGATA CGGGAGGGCT 54 0 0 

TACCATCTGG CCCCAGTGCT GCAATGATAC CGCGAGACCC ACGCTCACCG GCTCCAGATT 54 6 0 

TATCAGCAAT AAACCAGCCA GCCGGAAGGG CCGAGCGCAG AAGTGGTCCT GCAACTTTAT 5 52 0 

CCGCCTCCAT CCAGTCTATT AATTGTTGCC GGGAAGCTAG AGTAAGTAGT TCGCCAGTTA 5 5 80 

ATAGTTTGCG CAACGTTGTT GCCATTGCTA CAGGCATCGT GGTGTCACGC TCGTCGTTTG 5 640 

30 GTATGGCTTC ATTCAGCTCC GGTTCCCAAC GATCAAGGCG AGTTACATGA TCCCCCATGT 57 00 

TGTGCAAAAA AGCGGTTAGC TCCTTCGGTC CTCCGATCGT TGTCAGAAGT AAGTTGGCCG 57 60 

CAGTGTTATC ACTCATGGTT ATGGCAGCAC TGCATAATTC TCTTACTGTC ATGCCATCCG 5 82 0 

TAAGATGCTT TTCTGTGACT GGTGAGTACT CAACCAAGTC ATTCTGAGAA TAGTGTATGC 58 8 0 

GGCGACCGAG TTGCTCTTGC CCGGCGTCAA TACGGGATAA TACCGCGCCA CATAGCAGAA 59 4 0 

35 CTTTAAAAGT GCTCATCATT GGAAAAC GTT CTTCGGGGCG AAAACTCTCA AGGATCTTAC 6000 

CGCTGTTGAG ATCCAGTTCG ATGTAACCCA CTCGTGCACC CAACTGATCT TCAGCATCTT 6060 

60 
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SEQUENCE DESCRIPTION : SEQ ID NO : 1 



irp -.or Cy: 



He He Leu Phe Lou Vai A " ~i Thr Ala Thr g: 



20 



bci v.. j l u a ^ G . 



. U V U . 



ill INFORMATION FOR SEC 10 NO : 1 6 

25 (i) SEQUENCE CHARACTERI STZ OS : 

(A) LENGTH: 4 amino dc:^:r 
(3) TYPE: amino acid 
(0) 3TRANDEDNESS : single 
(0) TOPOLOGY: linear 



30 



ii) MOLECULE TYPE: ci • o.o::. 



ixi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 6 



35 Ser Pro Gly Lys 



61 
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(2) INFORMATION FOR SEQ ID NO : 17 : 

<i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 2 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Met Gly Trp Ser Cys lie lie Leu Phe Leu Val Ala Thr Ala Thr Gly 
15 1 5 10 15 

Val His Ser Glu Leu Thr Gin Ser Pro 
20 25 

(2) INFORMATION FOR SEQ ID NO: 18: 

20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5681 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

30 GACGTCGCGG CCGCTCTAGG CCTCCAAAAA AGCCTCCTCA CTACTTCTGG AATAGCTCAG 60 

AGGCCGAGGC GGCCTCGGCC TCTGCATAAA TAAAAAAAAT TAGTCAGCCA TGCATGGGGC 120 

GGAGAATGGG CGGAACTGGG CGGAGTTAGG GGCGGGATGG GCGGAGTTAG GGGCGGGACT 180 

ATGGTTGCTG ACTAATTGAG ATGCATGCTT TGCATACTTC TGCCTGCTGG GGAGCCTGGG 2 40 

GACTTTCCAC AC CTGGTTGC TGACTAATTG AGATGCATGC TTTGCATACT TCTGCCTGCT 3 00 

35 GGGGAGCCTG GGGACTTTCC ACACCCTAAC TGACACACAT TCCACAGAAT TAATTCCCGG 3 60 

GGATCGATCC GTCGACGTAC GACTAGTTAT TAATAGTAAT CAATTACGGG GTCATTAGTT 420 

62 
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TY 0 » 1 TTGvjl ACC AArt.AYC.rt A C G GG AC T Y . •>_ C AAAATGTY (.IT AA C AA Y 1"' . , YGCCC Y A . . . • o • 

A Y Y Y AAAYYG YCGGYAGGYG TGTAYGGTGG YA.GGYYYAYA TAAGCAGAG ..' TGGGYACGT : v 

10 AAYYYYYAGA TCGCCTGGAG ACGYCAYCGA ATTCTGAGCA YACAGGAYYY CACCATGGGA : 1 1 ■ 

YGGA1CTGYA YYAYCCYGYT YTTGGTAGYA A1AGCTACAG YTGYYCAYY 1 YGAGCTCAC ' i \ r 

CAGTGTOCAT YCTCCCYGYC TGGATCTGYA YGAGAYAGAG TCACCATCAY YYGY1YGGYY . .Yi 

AYTCAGAGTG TTAGTAACYY YTTAAAYYGG YAYCAGCAGA AGCCAGGGGA AGCCCCTAC '• 1 1 ? ' 

CTCCTGATCT ATGATGCAlYC CAGTTCGCAA AG YGGGGYCY CATCAAGGTT CAGTGGCACY ^..'z- 

15 GGATYTGGGA TGGATTTCAG TCTCACCATY AGYAGTCTGY AGCCTGAAGA Y'CTTGCAAT. - 

TATTACTGTC AAGCGAGTAY CAATACCCCG CTTTTCGGCG G AG G G AC C AG AATAGATATG 1 3 ■ 

A G A C G AA C T G TGGCTGCACC ATCTGTCTTC ATCTTCCCGC CATCTGATGA G C AG T Y G AAA '-44 

YCTGGAACYG CCTCTGTTGT GTGCCTGCTG AA Y A A C TT C Y ATCCCAGAGA G G C C AAAG Y A '. 5Y; 

CAGYGGAAGG TGGATAACGC CCTCCAATCG GGTAACTCCC AGGAGAGTGT CAGAGAGCAG : : • -f • 

20 GAY AGCAAGG ACAGCACCTA CAGCCYCAGY AGCACCCTGA CGCTGAGCAA AGCAGACTAY : r, ^ , 

GAGAAACACA AAGTCTACGC CTGCGAAGTC ACCCATCAGG GGCTGAGCYT GCCCGTCACA 

AAG AG C T TC A ACAGGGGAGA GTGTTAGTGA GATGATCCTC TAGAGTCATC TACGTATGAT 1^4' 

CAGCCTCGAC TGTGCCTTCT AGTTGCCAGY CAYCYGTYGT YTGCCCCTCY CCCGTGCCYY I - 

CCTTGACCCT GGAAGGTGCC ACTCCCACTG TCCTYTCCYA ATAAAATGAG GAAATTGCAY Y- - 

25 CGC ATTGTCT GAGYAGGTGT CATTCTAYYC TGGGGGGTGG GGTGGGGCAG GACAGCAAGG 1 9 2 

GGG AGGATTG GGAAGACAAT AGCAGGCATG 1YGGGGATGC GGTGGGCTCT ATGGAACC A-.'- j ~ ■ 

CTGGGGCTCG ACAGCTCGAG CTAGGTYTGC TYCYCAATTT CTTATTTGCA Y AA T G A G AAA ^ 0 4. 

AAAAGGAAAA TYAAYTTTAA CACCAATTC A GYAGYYGATY GAGCAAATGC GTTGCCAAAA 3. 1 ... 

AGG ATGCTTT AGAGACAGYG TTCTCTGCAC AGATAAGGAC AAACATTATY CAGAGGGAGY ...YY 

30 ACCGAGAGCT GAGACTCCTA AGCCAGTGAG TGGCACAGCA TYCTAGGGAG AAATATGCTY 2 2 2' 

GTCATCACCG AAGGCTGATT CCGTAGAGCC ACACCTTGGT AAGGGCCAAT CTGCTCACAY 2.2 - 

AGGATAGAGA GGGCAGGAGC CAGGGCAGAG CAYAYAAGGT GAGGTAGGAT CAGYTGCYY1 134. 

TCAC ATTTGC TTCTGACATA GTTGTGTYGG GA"GCTTGGAT CGATCCACCA TGGTTGAAC A 14 0; 

AGATGGATTG CACGCAGGTT CTCCGGCCGC YYGGYYGGAG AGGCTAYYCY GCTATGACYY 14o. 

35 GGCACAACAG ACAATCGGCT GCTCTGAYGC CGCCGTGTTC CGGCTGTCAG CGCAGGGGCG 151. 

CCCGGTTCTT TTTGYCAAGA CCGACCTGYC CGGYGCCCTG AA TG AA C T G C AGGACGAGGY 13 ~ 

63 
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AGCGCGGCTA TCGTGGCTGG CCACGACGGG CGTTCCTTGC GCAGCTGTGC TCGACGTTGT 2 64 C 

CACTGAAGCG GGAAGGGAGT GGCTGCTATT GGGCGAAGTG CCGGGGCAGG ATCTCCTGTC 27 C: 

ATCTGACCTT GCTCCTGCCG AGAAAGTATC CATCATGGCT GATGCAATGC GGCGGCTGCA 216 2 

TACGCTTGAT CCGGCTACCT GCCCATTCGA CCACCAAGCG AAACATCGCA TCGAGCGAGC 2 82: 

5 ACGTACTCGG ATGGAAGCCG GTCTTGTCGA TCAGGATGAT CTGGACGAAG AGCATCAGGG 2 88 3 

GCTCGCGCCA GCCGAACTGT TCGCCAGGCT CAAGGCGCGC ATGCCCGACG GCGAGGATCT 2 94 0 

CGTCGTGACC CATGGCGATG CCTGCTTGCC GAATATCATG GTGGAAAATG GCCGCTTTTC 3 00 0 

TGGATTCATC GACTGTGGCC GGCTGGGTGT GGCGGACCGC TATCAGGACA TAGCGTTGGC 3 0 6C 

TACCCGTGAT ATTGCTGAAG AGCTTGGCGG CGAATGGGCT GACCGCTTCC TCGTGCTTTA 312 0 

10 CGGTATCGCC GCTCCCGATT CGCAGCGCAT CGCCTTCTAT CGCCTTCTTG ACGAGTTCTT 318 0 

C TG AG C GGG A CTCTGGGGTT CGAAATGACC G AC C AAGCG A CGCCCAACCT GCCATCACGA 32 4 0 

GATTTCGATT CCACCGCCGC CTTCTATGAA AGGTTGGGCT TCGGAATCGT TTTCCGGGAC 3 3 00 

GCCGGCTGGA TGATCCTCCA GCGCGGGGAT CTCATGCTGG AGTTCTTCGC CCACCCCAAC 33 60 

TTGTTTATTG CAGCTTATAA TGGTTACAAA TAAAGCAATA GCATCACAAA TTTCACAAAT 3 42 0 

15 AAAGCATTTT TTTCACTGCA TTCTAGTTGT GGTTTGTCCA AACTCATCAA TGTATCTTAT 3 48 0 

CATGTCTGGA TCGCGGCCGC GATCCCGTCG AGAGCTTGGC GTAATCATGG TCATAGCTGT 3 54 0 

TTCCTGTGTG AAATTGTTAT CCGCTCACAA TTCCACACAA CATACGAGCC GGAAGCATAA 3 6 00 

AGTGTAAAGC CTGGGGTGCC TAATGAGTGA GCTAACTCAC ATTAATTGCG TTGCGCTCAC 3 6 60 

TGCCCGCTTT CCAGTCGGGA AACCTGTCGT GCCAGCTGCA TTAATGAATC GGCCAACGCG 37 2 0 

20 CGGGGAGAGG CGGTTTGCGT ATTGGGCGCT CTTCCGCTTC CTCGCTCACT GACTCGCTGC 37 80 

GCTCGGTCGT TCGGCTGCGG CGAGCGGTAT CAGCTCACTC AAAGGCGGTA ATACGGTTAT 3 8 40 

CCACAGAATC AGGGGATAAC GCAGGAAAGA ACATGTGAGC AAAAGGCCAG CAAAAGGCCA 39 00 

GGAACCGTAA AAAGGCCGCG TTGCTGGCGT TTTTC C ATAG GCTCCGCCCC CCTGACGAGC 39 6 0 

ATCACAAAAA TCGACGCTCA AGTCAGAGGT GGCGAAACCC GACAGGACTA TAAAGATACC 4 02 0 

25 AGGCGTTTCC CCCTGGAAGC TCCCTCGTGC GCTCTCCTGT TCCGACCCTG CCGCTTACCG 40 8 0 

GATACCTGTC CGCCTTTCTC CCTTCGGGAA GCGTGGCGCT TTCTCAATGC TCACGCTGTA 414 0 

GGTATCTCAG TTCGGTGTAG GTCGTTCGCT CCAAGCTGGG CTGTGTGCAC GAACCCCCCG 42 0 0 

TTCAGCCCGA CCGCTGCGCC TTATCCGGTA ACTATCGTCT TGAGTCCAAC CCGGTAAGAC 42 6 0 

ACGACTTATC GCCACTGGCA GCAGCCACTG GTAACAGGAT TAGCAGAGCG AGGTATGTAG 43 2 0 

30 GCGGTGCTAC AGAGTTCTTG AAGTGGTGGC CTAACTACGG CTACACTAGA AGGACAGTAT 43 8 0 

TTGGTATCTG CGCTCTGCTG AAGCCAGTTA CCTTCGGAAA AAGAGTTGGT AGCTCTTGAT 4 44 0 

CCGGCAAACA AACCACCGCT GGTAGCGGTG GTTTTTTTGT TTGCAAGCAG CAGATTACGC 4 SCO 

GCAGAAAAAA AGGATCTCAA GAAGATCCTT TGATCTTTTC TACGGGGTCT GACGCTCAGT 45 6 0 

GGAACGAAAA CTCACGTTAA GGGATTTTGG TCATGAGATT ATCAAAAAGG ATCTTCACCT 462 0 

35 AGATCCTTTT AAATTAAAAA TGAAGTTTTA AATCAATCTA AAGTATATAT GAGTAAACTT 46 8 0 

GGTCTGACAG TTACCAATGC TTAATCAGTG AGGCACCTAT CTCAGCGATC TGTCTATTTC 47 4 0 

64 
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TGTTATCACT CATGGTTATG GCAGCACTGC ATAATTCTCT TACTGTCATG -TATCOGTAA ;..,2G; 

GATGCTTTCC TGTGACTGGT GAGTACTCAA CGAAGTCATT CTGAGAATAG TITATGCGGG - :: ? ■ 

10 GACCGAOTTG CTCTTGCCCG GCGTCAATAC GGGATAATAC CGCGCCACAT A G C A G A. A C T T : -5 

T.^rL^.i jTGi. . ^ i -. T L ATTG u A .*\AACGTCCTT CGGGGCGAAA. aCTCTCAAGG A TO I ~ ACG\_; d ** ^ • 

TGTTGAGA70 CAGTTCGATG TAACCCAOTO GTGCACCCAA CTGATCTTCA GCATGTTTTA 5 4 ;■ 

f'TTTCACCAG CGTTTCTGGG TGAGCAAAAA CAGGAAGGCA AAATGCCGCA AAAAAGGGAA 5 5 2 

GAAGGGGGAC A G G G AAA T G T TGAATAGTGA TAGTCTTCCT TTTTCAATAT 7ATTGAAGGA 5 v : 

15 TTTATCAGGG TTATTGTCTC ATGAGCGOAT A JATATTTGA ATGTATTTAG AAAAATAAAC 5o4., 

AAATAGGGGT TCCGCGCACA TTTCCCCGAA AAGTGCCACC T 56 8 1 

(2) INFORMATION FOR SEQ ID NO : 1 9 : 

20 ID SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 12 amino acids 

(B) TYPE: amino ac id 

(C) STRANDEDNESS : single 
{ D ) TOPOLOGY; linear 

25 

111) MOLECULE TYPE: n: *" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 9 : 



30 Leu Pro Val Thr Lys Sen ?he A:-;n Ar:; Gly Glu Gy 



(2) INFORMATION FOR G E I ID NO : 2 0 

35 i i ; SEQUENCE CHARACTERISTICS ; 

;A) LENGTH: 14 2 7 base pair:/. 
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{ B ) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

5 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

GAATTCGGTA CCATGGAGTT TGGGCTGAGC TGGGTTTTCC TCGTGGCTCT TTTAAGAGGT 6 0 

GTCCAGTGTC AGGTGCAGCT GGTGGAGTCT GGGGGAGGCC TGGTCAGGCC TGGCGGGTCC 12 0 

10 CTAAGACTCT CGTGTGCAGC CTCTGGAACC ACCCTCAGTG GCTATACCAT GCACTGGGTC 18 0 

CGCCAGGCTC CAGGGAAGGG GCTGGAGTGG GTCTCATCCA TTACTGGAGG TAGCAACTTC 24 0 

ATAAACTACT CAGACTCAGT GAAGGGCCGA TTCACCATCT CCAGAGACAA CGCCAAGAAC 3 00 

TCACTTTATC TGCAAATGAA CAGCCTGACA GCCGAGGACA CGGCTGTCTA TTATTGTGCG 3 60 

ACCGCCCCTA TAGCACCGCC CTACTTTGAC CACTGGGGCC AGGGAACCCT GGTCACCGTC 42 0 

15 TCCTCAGCCT GCACCAAGGG CCCATCGGTC TTCCCCCTGG CACCCTCCTC CAAGAGCACC 4 80 

TCTGGGGGCA CAGCGGCCCT GGGCTGCCTG GTCAAGGACT ACTTCCCCGA ACCGGTGACC 54 0 

GTGTCGTGGA ACTCAGGCGC CCTGACCAGC GGCGTGCACA CCTTCCCGGC TGTCCTACAG 600 

TCCTCAGGAC TCTACTCCCT CAGCAGCGTG GTGACCGTGC CCTCCAGCAG CTTGGGCACC 66 0 

CAGACCTACA TCTGCAACGT GAATCACAAG CCCAGCAACA CCAAGGTGGA CAAGAAAGTT 72 0 

20 GAGCCCAAAT CTTGTGACAA AACTCACACA TGCCCACCGT GCCCAGCACC TGAACTCCTG 7 80 

GGGGGACCGT CAGTCTTCCT CTTCCCCCCA AAACCCAAGG ACACCCTCAT GATCTCCCGG 84 0 

ACCCCTGAGG TCACATGCGT GGTGGTGGAC GTGAGCCACG AAGACCCTGA GGTCAAGTTC 90 0 

AACTGGTACG TGGACGGCGT GGAGGTGCAT AATGCCAAGA CAAAGCCGCG GGAGGAGCAG 96 0 

TACAACAGCA CGTACCGGGT GGTCAGCGTC CTCACCGTCC TGCACCAGGA CTGGCTGAAT 102 0 

25 GGCAAGGAGT ACAAGTGCAA GGTCTCCAAC AAAGCCCTCC CAGCCCCCAT CGAGAAAACC 108 0 

ATCTCCAAAG CCAAAGGGCA GCCCCGAGAA CCACAGGTGT ACACCCTGCC CCCATCCCGG 114 0 

GATGAGCTGA CCAAGAACCA GGTCAGCCTG ACCTGCCTGG TCAAAGGCTT CTATCCCAGC 12 0 0 

GACATCGCCG TGGAGTGGGA GAGCAATGGG CAGCCGGAGA ACAACTACAA GACCACGCCT 12 6 0 

CCCGTGCTGG ACTCCGACGG CTCCTTCTTC CTCTACAGCA AGCTCACCGT GGACAAGAGC 13 2 0 

30 AGGTGGCAGC AGGGGAACGT CTTCTCATGC TCCGTGATGC ATGAGGCTCT GCACAACCAC 13 8 0 

TACACGCAGA AGAGCCTCTC CCTGTCTCCG GGTAAATGAT AGATATC 142 7 

(2) INFORMATION FOR SEQ ID NO : 2 1 : 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 amino acids 

66 
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■ :i •;• aa-a-at- l pa poi : a.e^- :\: ..1 ■. 

Mer '; I :.: P:u- A..y . : -.-r lip Val P::e Eeu Vn 1 A i i L^ 1 : I.ei; A: q Gi 

0 : ^ 1 1 : : 

Va : - j A :i 'vs G ± r. Va i A . n Aevi Vd 1 



15 



I A ) I, ENGT H : 3 G ba s e pairs 

(C, ATRANDEDNESS : Jingle 
20 ( D ■ TOPOLOGY: . i:-> \: 



;:-:;] SEQUENCE DESCRIPTION: SEQ ID NO : 2 v : 

'A ACATT A 0 ATG GA.CAATGAGGG OCCCCGCTCA G ATOCTAGGG CTCCTGCTGC TC TGoC Tv... 

A G G T G C C A G A TGTGACATCC AG ATG AC CC A CTCTCCATCC TCCCTGTCTG CATCTGTAGG 

AG AC AG AG T C AC C AT C AC T T GCCGGGC AAO T 

TCAGCAGAAG CCAGGGGAAG CCCCTACGCT C 

TGGGGTCCCA TCAAGGTTCA GTGGC AGTGA AT A 'AG GG AT' A GATTTCAGTC TCACC ATO AG 

30 CAGTCTGCAG CCTGAAGATC TTGCAATGTA TTAOTGTCAA GCGAGTATCA ATACCCCGCT 

TTTCGGCGGA. GGGACCAGAA TAGA.TAT JAv ~ A AAAaTTGTG GCTGC A.C ^ APT AAGTCAT^.-. . 

(ATTCCCGCCA TCTGATGAGC AGTTOAATAII A" ■« AACTGCC TCTGTTGTGT GCCTGCTGAA 

TAACTTCTAT CCCAGAGAGG CC AAAGCA.' A " GGA.AGGTG GATAACGCCC TCCAA.TCGG-^7 

TAACTCCCAG GAGAGTGTCA CAGAG? A'~ AA ' : - AAAGGAC AGCACCTACA GCCTCAGCAG 

35 C AC CC TGACG CTGAGCAAAG C AG ACTA AAA A, AAA SAC AAA GTCTACGCCT GCGAAGTCAC 

CCATCAGGGC CTGAGCTTGO CCGTCAAAAAA A A .; ITTCAAO A G G G G AG ACT GTTAGTGAGA 
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TGATCCTCTA GA 73 2 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

( B ) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

15 Met Arg Val Pro Ala Gin Leu Leu Gly Leu Leu Leu Leu Trp Leu Arg 
15 10 15 

Gly Ala Arg Cys Asp lie Gin Met Thr 
20 25 

20 (2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 amino acids 

(E) TYPE: amino acid 

25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 4 : 

Leu Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys 
15 10 

35 (2) INFORMATION FOR SEQ ID NO: 25: 



68 
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i >: : • Gr.vOENCE DESCRIPTION: ^F.'.- ID NO : - : 

GTC'. AGT01 ' ' AGG TG C AG C T GGTCGAGTOC OGGGGAGGCC TGGTCAGGCC TGGCGGGTC G 

GTAAGACTCG GGTGTGCAGC CTCTGGAACC ACCCTCAGTG OCTATACCAT GCACTGGGTO 

GGCC AGGC'D ' CAGGGAAGGG GCTGGAGTGG GTCTCATCCA TTACTGGAGG TAGCAACTTO 

ATAAACTACG C A.G AC TC AG T GAAGGGCCGA T TC AC C A TC T C C AG AG AC AA CGCCAAGAAC 

ACCGCCCCTA TAGCACCGCC CTACTTTGAC CACTGGGGCC AGGGAACCCT GGTCACCGTC 

TCCTCAGCCT CCACCAAGGG CCCATCGGTC TTCCCCCTGG CACCCTCCTC CAAGAGCAOC 

TCTGGGGGCA IAGCGGCCCT GGGCTGCCTG GTCAAGGACT ACTTCCCCGA ACCGGTGACC 

GTGTCGTGGA ACTCAGGCGC CCTGACG AGC GGCGTGGACA CCTTCCCGGC TGTCGTACAG 

20 TCCTCAGGAC TCTACTCCCT CAGCAGCGTG GTGACCGTGC CCTCCAGCAG CTTGGGCACC 

CAGACCTACA TCTGCAACGT GAATCACAAG CCCAGCAACA CCAAGGTGGA CAAGAAAGTT 

GAG C GC AAA T CTTGTGACAA AACTCACACA TGCCCACCGT GCCCAGCACC TGAACTCCTG 

GGGGGACCGT G AGTCTTCCT CTTCCCCCCA AAACCCAAGG ACACCCTCAT GATCTCCCGG 

ACCCCTGAGG TCACATGCGT GGTGGTGGAC GTGAGGGACG AAGACCCTGA GGTCAAGTTI 

25 AACTGGTACG TGGACGGCGT GGAGGTGCAT AATGCCAAGA C.AAAGCGGCG GGAGGAGCA3 

TACAACAGCA CGTACCGGGT GGTCAGCGTC CTCACCGTCC TGCACCAGGA C TG G C TG AA I 

GGCAAGGAGT ACAAGTGCAA GGTCTCCAAC AAAGCCCTCC CAGCCGCCAT C GAG AAA AC I 

ATCTCCAAAG CCAAAGGGCA GCCCCGAGAA CCACAGGTGT ACACCCTGCC CCCATCCC 13 

GATGAGCTGA CC AAGAACCA GGTCAGCCTG ACCTGCCTGG T C AAA G G C T T CTATCCCAG I 

30 GACATCGCCG TGGAGTGGGA GAGCAATGGG GAGCCGGAGA ACAACTACAA GACCACGCCT 

CCCGTGCTGG ACTCCGACGG CTCCTTCTTC C T C T A CAGCA AGCTCACCGT GGACAAGAGC 

A GGTGGCAG C AGGGGAACGT CTTCTCATGC TCCGTGATGC ATGAGGCTCT GCACAACCA3 

TACACGCAGA AGAGCCTCTC CCTGTCTCCG GGTAAATGAT AGATATC 

35 (3) INFORMATION FOR SFO ID NO : 2 6 : 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
5 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 6 : 

10 

Ser Asn Phe lie Asn Tyr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 27: 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1427 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

25 GAATTCGGTA CCATGGAGTT TGGGCTGAGC TGGGTTTTCC TCGTGGCTCT TTTAAGAGGT 6 0 

GTCCAGTGTC AGGTGCAGCT GGTGGAGTCT GGGGGAGGCC TGGTCAGGCC TGGCGGGTCC 12 0 

CTAAGACTCT CGTGTGCAGC CTCTGGAACC ACCCTCAGTG GCTATACCAT GCACTGGGTC 180 

CGCCAGGCTC CAGGGAAGGG GCTGGAGTGG GTCTCATCCA TTACTGGAGG TAGCAACTTC 24 0 

ATACAATACT CAGACTCAGT GAAGGGCCGA TTCACCATCT CCAGAGACAA CGCCAAGAAC 3 00 

30 TCACTTTATC TGCAAATGAA CAGCCTGACA GCCGAGGACA CGGCTGTCTA TTATTGTGCG 3 60 

ACCGCCCCTA TAGCACCGCC CTACTTTGAC CACTGGGGCC AGGGAACCCT GGTCACCGTC 4 20 

TCCTCAGCCT CCACCAAGGG CCCATCGGTC TTCCCCCTGG CACCCTCCTC CAAGAGCACC 4 30 

TCTGGGGGCA CAGCGGCCCT GGGCTGCCTG GTCAAGGACT ACTTCCCCGA ACCGGTGACC 54 0 

GTGTCGTGGA AC TC AGGCGC CCTGACCAGC GGCGTGCACA CCTTCCCGGC TGTCCTACAG 60 0 

35 TCCTCAGGAC TCTACTCCCT CAGCAGCGTG GTGACCGTGC CCTCCAGCAG CTTGGGCACC 66 0 

CAGACCTACA TCTGCAACGT GAATCACAAG CCCAGCAACA CCAAGGTGGA CAAGAAAGTT 72 0 

70 
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GATGA-, >GTGA CCAAGAAG'CA GGTC AGCCTC 



0 • G;Tgctgg 

aggtggcaoc aggggaacgt ottotcatcg 

G a C A C G C A G A AoAGCCT C T ( _' CCTGTCTC' A 



a • 'G ;g:gg; tcaaaggott 

'. A G C C G G A G A A ^ 1 A A G ' 7 A. G A A 

. J T G G A G A C G A A G G T G A G G " ■ T 

TO G G T G A. T G G A T G A G G 0 T ' . ' T 

GGGAAATGAT AG A GAT'.' 



L ! 4 



'..fV 1..-V-. uv.>. 



15 



20 



GG INFORMATION FOG GET IG M 

) SEQUENCE CHARACTERISTICS: 
\ AG LENGTH: 7 amino ac.Gs 
<P; TYPE: arruno acid 
(C) ST RAND E UN ESS : single 
- D i TO PO LOGY : linear 
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MOLECULE TYPE: p: 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28 



e: Asp. Phe lie Gin 



(I) INFORMATION FOP SEQ IG NO : 1 9 

30 

{ i ! SEQUENCE CHARAGTEP7STIGG : 
G! LENGTH: 762 bas- ;oairs 
(3) TYPE: nucleic acid 
■7> STRAjNOEONE S S : s:-::- 
35 ■Oi TOPOLOGY: lineai 



BNSDOCiD <WO 4A' 



WO 98/19704 



PCT/US97/19203 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 



GAATTCCATG 


GACATGAGGG 


TCCCCGCTCA 


GCTCCTAGGG 


CTCCTGCTGC 


TCTGGCTCCG 


60 


AGGTGCCAGA 


TGTGACATCC 


AGATGACCCA 


GTCTCCATCC 


TCCCTGTCTG 


CATCTGTAGG 


120 


AGACAGAGTC 


ACCATCACTT 


GCCGGGCAAC 


TCAGAGTGTT 


AGTAACTTTT 


TAAATTGGTA 


180 


TCAGCAGAAG 


CCAGGGGAAG 


CCCCTACGCT 


CCTGATCTAT 


GATGCATCCA 


CTTCGCAAAG 


240 


TGGGGTCCCA 


TCAAGGTTCA 


GTGGCAGTGG 


ATCTGGGATG 


GATTTCAGTC 


TCACCATCAG 


300 


CAGTCTGCAG 


CCTGAAGATC 


TTGCAATGTA 


TTACTGTCAA 


GCGAGTATCA 


ATACCCCGCT 


360 


TTTCGGCGGA 


GGGACCAGAA 


TAGATATGAG 


ACGAACTGTG 


GCTGCACCAT 


CTGTCTTCAT 


420 


CTTCCCGCCA 


TCTGATGAGC 


AGTTGAAATC 


TGGAACTGCC 


TCTGTTGTGT 


GCCTGCTGAA 


480 


TAACTTCTAT 


CCCAGAGAGG 


CCAAAGTACA 


GTGGAAGGTG 


GATAACGCCC 


TCCAATCGGG 


540 


TAACTCCCAG 


GAGAGTGTCA 


CAGAGCAGGA 


CAGCAAGGAC 


AGCACCTACA 


GCCTCAGCAG 


600 


CACCCTGACG 


CTGAGCAAAG 


CAGACTACGA 


GAAACACAAA 


GTCTACGCCT 


GCGAAGTCAC 


660 


CCATCAGGGC 


CTGAGCTCGC 


CCGTCACAAA 


GAGCTTCAAC 


AGGGGAGAGT 


GTTAGTGAGA 


720 


TGATCCTCTA 


GATCTACGTA 


TGATCAGCCT 


CGACTGTGCC 


TT 




762 



(2) INFORMATION FOR SEQ ID NO : 3 0 : 

20 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

30 Ser Pro Val Thr Lys Ser Phe Thr Arg Gly Gin Cys 
15 10 
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What in claimed is: 

1. A reshaped human monoclonal antibody and functional fragments 
thereol, specifically reactive with an F protein epitope of Respirator} Svncvtial Virus 
and capable of neutralizing infection by said virus selected from the group consisting 
ot fiu 1^ A, Hul9B, Hul9C and Hu!9D 

2. The monoclonal antibody or functional fragment thereof according to 
Claim 1 which comprises a light chain amino acid sequence of Figure 3 selected 
from Sequences 19A, 19B. 19C and 19D and/or a heavy chain amino acid sequence 
of Figure 2 selected from Sequences 19A. 19B, 19Cand 19D. 

3. The monoclonal antibody according to Claim 1 wherein said 
fragment is selected from the group consisting of Fv, Fab and F(ab')2- 

4. An isolated nucleic acid molecule selected from the group consisting 

of: 

(a) a nucleic acid sequence encoding any of the human monoclonal 
antibodies and functional fragments thereof of claim 1; 

(b) a nucleic acid complementary to any of the sequences in (a); and 

(c) a nucleic acid sequence of 18 or more nucleotides capable of 
hybridizing to (a) or (b) under stringent conditions. 

5. A isolated nucleic acid molecule encoding a monoclonal antibody or 
functional fragment thereof according to Claim 1 having a nucleotide sequence of 
Figure 4. 

6. A recombinant plasmid comprising a nucleic acid sequence of Claim 

4. 

7. A recombinant plasmid comprising a nucleic acid sequence of claim 

5. 

8. A plasmid according to Claim 7 encoding a protein sequence of 
Figure 2 or 3. 

9. A host cell comprising the plasmid of Claim 8. 
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10. A process for the production of a human antibody specific for RSV 
comprising culturing the host cell of Claim 9 in a medium under suitable conditions 
of time, temperature and pH and recovering the antibody so produced. 

11. A method of detecting RSV comprising contacting a source suspected 
of containing RSV with a diagnostically effective amount of the monoclonal 
antibody of Claim 1 and determining whether the monoclonal antibody binds to the 
source. 

12. A method for providing passive immunotherapy to RSV disease in a 
human, comprising administering to the human an immunotherapeutically effective 
amount of the monoclonal antibody of Claim 1. 

13. The method according to Claim 12 wherein the passive 
immunotherapy is provided prophylactically. 

14. A pharmaceutical composition comprising at least one dose of an 
immunotherapeutically effective amount of the monoclonal antibody of Claim 1 in a 
pharmaceutically acceptable carrier. 

15. A pharmaceutical composition comprising at least one dose of an 
immunotherapeutically effective amount of the monoclonal antibody of Claim 1 in 
combination with at least one additional monoclonal antibody. 

16. The pharmaceutical composition according to Claim 15 wherein said 
additional monoclonal antibody is an anti-RSV antibody distinguished from the 
antibody of Claim 1 by virtue of being reactive with a different epitope of the RSV F 
protein antigen. 
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FIGURE 1 

Conversion of Hul9 Fab to a Complete IgGl mAb 




Cotransfect into 
Mammalian Host Cells 

I 

Full Length lgG1 
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Figure 2 

Comparison of the Heavy Chain Amino Acid Sequences of various Hul9 mAbs 

★ ★ 

GLDp58: EVQL VESGGGLVQ PGGSLRLSCAASGFTFS 3 0 

1 9 A : MGWS C 1 1 LFL VAT ATGVHS LE R T-L- 

19B: -EPGLSWV LLR--QCQVQL V 

I9C: 

19D: 

CDR1 CDR2 

GL Dp5 8 SYEMNWVRQAPGKGLEWVSYISSSGSTIYYADSVKGRFTISRDNAKNSLY 8 0 

19A G-T-H S-TGGSNF- N-S 

19B 

19C: A 

19D: Q-S 

CDR3 

GL: Dp58 LQMNSLRAEDTAVYYCAR 98 ( SEQ ID NO: 4) 

19A: T TAPIAPPYFDHWGQGTLVTVSS (SEQ ID NO: 5) 

19B: (SEQ ID NO : 6) 

19C: (SEQ ID NO: 7) 

19D: ( SEQ ID NO: 8) 
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Comparison of the Li^ht Chain Amino Acid Sequences of various Hul^ mAbs 

A. Leader and Variable 



3/31 
Figure 3 

Comparison of the Light Chain Amino Acid Sequences of various Hul 

A. Leader and Variable 

GL Dpk l > :':;mT'v^t:s: .ja:v;,:.':-vt:: /rasqsis - 

l^A MGWSCI ILFLVATATGVHS ED - T--V- 2 8 

19B.CD MRVPAQLLGLLLLWLRGARCDIC'M- 

,' ' p ' 

GL Dpk9 SYLNWYQQKPGKAPKLLIYAASSLQSGYPSRF 0G 00 SO^DFTDT : SOLD- : ■ 

19A. NFLN D- -TS ~ 

1 9B.C.D. - - - - 

ODPO 

GL Dpk9 EDFATYYO * f^EQ ID NO: 9 

19A: --L-M QASINTPLFGGGTRIOMP.R 105 (SEQ ID NO: id 

I^B.C.D ; GEQ ID NO : 11 

B. Constant Region (Ck) 

Hu-K, I9C,D: TVAA?SVF:F??SDEQLKSGTA^YY:;Dl,:\ T ^FY?REAKVQW:O/DNAL0SGi\ 
19A,B - - - - 

Hu-K.19C.D SQESVTE0OSKDSTYSLSGT:.TD0KAGYE:<HKVYACEYTHvGL5SPVTK5 
19A.B D - 

Hu-K.19C,D FMRGEC {SEO 1~ 0 : 

I9A.B (SEQ to r: ■: : : 



>.ASL-: "OL • vV : .>•••• j.a • 
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Figure 4 

Figure 4 A— DNA sequence of the plasmid Hul9AHcpcd 

1 gacgtcgcggccgctctaggcctccaaaaaagcctcctcactacttctgg 50 

51 aatagctcagaggccgaggcggcctcggcctctgcataaataaaaaaaat 100 

101 tagtcagccatgcatggggcggagaatgggcggaactgggcggagttagg 150 

151 ggcgggatgggcggagttaggggcgggactatggt tgctgac taattgag 200 

201 atgcatgctttgcatacttctgcctgctggggagcctggggactttccac 250 

251 acctggttgctgactaattgagatgcatgctttgcatacttctgcctgct 300 

301 ggggagcc tggggac tttccacaccctaactgacacacattccacagaat 350 

351 taattcccggggatcgatccgtcgacgtacgactagttattaatagtaat 400 

401 caattacggggtcattagttcatagcccatatatggagttccgcgttaca 450 

451 taactcacggtaaatggcccgcctggctgaccgcccaacgacccccgccc 500 

501 attgacgtcaataatgacgtatgttcccatagtaacgccaatagggactt 5 50 

5 51 tccattgacgtcaatgggtggactatttacggtaaactgcccacttggca 6 00 

601 gtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatga 650 

651 cggtaaatggcccgcctggcattatgcccagtacatgaccttatgggact 700 

701 ttcctacttggcagtacatctacgtattagtcatcgctattaccatggtg 750 

751 atgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacg 800 
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t g g g t a c g t g a a c c g t c a q a t c g c c t. g g a a a c < j c c a c c ga at t c r. a a a c a 1 e ; 

cacaqgacr t caec a rg gga t ggaqc t gca r_ ca r cc r. c t t c r. r. ggt.agca 1 C g 
Leader start 

acagctacagqt gtccac t ccgagg t ccaac tgc t cgaggaq tct qgggg 1 1 0 

T A T G V H S E 7 - E E 7 - ( 5EQ IE NO: 

Processed N-term. 

1101 aggectqg: caggee tggegggteectaagae t ctcgtgtgcagcccctg 1 1 - 

1 151 qaaceaccc teagtggc ta taccatgcaccgggtccgccaqge tccaggg 12 0 

12 01 aaggggc tggagtgggtctcatcca t tact ggaggt age aacr. teat aaa 1 1; ~ 

1 _ 5 i c t ac t cagac t cag t gaagggcega 1 1 cac ca t e t ccagagacaaegcea 1 1 

1301 agaac tcae t t tate tgcaaa tgaaeagee tgacagc cgaggacacggc t 1 : " 



g t, c t a 1 1 a 1 1 g t gega c c g c c c e t a r a g c a c 



14 0 1 gggccagggaaccctggteacegtct ce t cagee t ccaccaagggccca t 



eggtet tccccc tggcaecc r - r caaeagcacc t_c t gggg g cac a gey 
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1501 gccctgggctgcctggtcaaggactacttccccgaaccggtgaccgtgtc 1550 

1551 gtggaactcaggcgccctgaccagcggcgtgcacaccttcccggctgtcc 1600 

1601 tacagtcc tcaggac cc tac tccc tcagcagcgtggtgactgtgccc tec 1650 

1651 agcagcttgggcacccagacctacatctgcaacgtgaatcacaagcccag 1700 

1701 caacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactc 1750 

1751 acacatgcccaccgtgcccagcacctgaactcctggggggaccgtcagtc 1800 

1801 ttcctc ttccccccaaaacccaaggacaccctcatgatc tcccggacccc 1850 

1851 tgaggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtca 1900 

1901 agttcaactggtacgtggacggcgtggaggtgcataatgccaagacaaag 1950 

1951 ccgcgggaggagcagtacaacagcacgtaccgggtggtcagcgtcctcac 2000 

2001 cgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtct 2050 

2051 ccaacaaagccctcccagcccccatcgagaaaaccatctccaaagccaaa 2100 

2101 gggcagccccgagaaccacaggCgtacaccctgcccccatcccgggatga 2150 

2151 gctgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatc 2200 

2201 ccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaac 2250 

2251 tacaagaccacgcctcccgtgctggactccgacggctccttcttcctcta 2300 

. 2301 cagcaagctcaccgtggacaagagcaggtggcagcaggggaacgtct tct 2350 
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t r c ctrq a c c " g a a g t ; 1 ■ " . i ■ ' t " .. ■ e a t 7 r. q c ::r. :c raa: -na a a ' ;: 



ggaaa t r. q c a t q g c a r. t q * ^:.7jg f aa";t j:rac:c:a':: c t agggqg 



- j q g g t_ g g g q c a g g a c a q c a a g j ;i g g agga t t g g q a a g a c a a t a q caq.TC a 



r gc tgggga t gcgg tgggc"" q ' - g • : : . : ; qqaqqt ggqg -t- < 



7gai:ctc:cgdr.( , cccagctt:ac::::cad:tLCtt:5tttgcdtad:gd 



gaaaaaaaggaaaa t t aa r. 1 1 t a a caccaa t t cagtagt t ga t ".gage a a 



a t gcg t t g ccaaaa a gga tgc t t 1 a gaga cagtgttctc t. gcacaga t a a 



ggacaaacatca t tcagagggag t acc ragagc tgagac tec t aaqeca g 



tgagtggcacagcattctagggagaaatatqcttgtcatqaccgaagc;: 



gattccgt a gag c cacaccttggt a a gqq c c aatc:gctcacacaggatc; 



gag agggc a ggagc c agggc a aaaq a t at aagg t gagg tag gat caqt r q 



c t c c t c a c a 1 1 1 g c 1 1 c t g a c a t a q 1 1 t q 1 1 g g g a g c 1 1 g g a t a g c 1 1 g 



gacagc tcagggc tgega 1 1 1 cgcqq ::aaac t tgacggcaatcc tagcg" 



g a aggc t gg t a gga 1 1 1 1 a t c r c c 7; c t q c c a t c a t gg 1 1 c gac c a 1 1 ga a 
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3201 ctgcatcgtcgccgtgtcccaaaatatggggactggcaagaacggagacc 3250 

3251 taccctggcctccgctcaggaacgagttcaagtacttccaaagaatgacc 3300 

3301 acaacctcttcagtggaaggtaaacagaatctggtgattatgggtaggaa 3350 

3351 aacctggttctccat tec tgagaagaatcgacc tttaaaggacagaat ta 3400 

3401 atatagttctcagtagagaactcaaagaaccaccacgaggagctcatttt 3450 

3451 cttgccaaaagtttggatgatgccttaagacttattgaacaaccggaatt 3500 

3501 ggcaagtaaagtagacatggtttggatagtcggaggcagttctgtttacc 3550 

3551 aggaagccatgaatcaaccaggccaccttagactctttgtgacaaggatc 3600 

3601 atgcaggaatttgaaagtgacacgtttttcccagaaattgatttggggaa 3650 

3651 atataaacttctcccagaatacccaggcgtcctctctgaggtccaggagg 3700 

3701 aaaaaggcatcaagtataagt t tgaagtctacgagaagaaagac taacag 3750 

3751 gaagatgett tcaagttctctgctcccctcctaaagctatgcatt tttat 3800 

3801 aagaccatgggacttttgctggctttagatcagcctcgactgtgccttct 3850 

3851 agttgccagccatctgttgtttgcccctcccccgtgccttccttgaccct 3900 

3901 ggaaggtgccactcccactgtcct t tcctaataaaatgaggaaa t tgea t 3950 

3951 cgcattgtctgagtaggtgtcattctattctggggggtggggtggggcag 4000 

4001 gacagcaagggggaggattgggaagacaatagcaggcatgctggggatgc 4050 



BNSDOCID: <WO 9819704A1 I > 



WO ^8/19704 



I'd l S<r 19203 



9/31 



7 



:j v i.i.ja' t - it".* a'. jc * car iu* ' ccacricdacj'.. a :r qa.r ;• » 



:aaa g t g r. aaagcr r igqgtgcctaatgagr.qaqct a a c r. caca r z a a 1. 1 4 „ ^ : 



gcgt :gcgc::':ac:.gcccgcct^:caqccqgaaaaccrgrc^r.c:c:agc!: 



g c a t *c a a taaatc g g c; c a acgcgcggggaqaggcggt t cccgtattgg g c 



4 5 51 gct:ct:"ccgcr.t:ccLcgct:cac:gacr.cgctgcgctcgqt.cg::cggctg 4 4 C ■. 



4 4 0 J cggcqaqcggtatcagctcac^caaaggcggtaatacggccatccacaqa 



445 1 atcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaagg 45: 



ccaggaaccgtaaaadggccgcgltgcLggcgcttttccataggcrccgc 



4 5 5 \ ccccctgacgagca tcacaaaaatcgacgctcaagt cagaggtgqcgaaa 4 1 



4 6 01 cccgacaggac La caaagataccaggcgi 1 1 ccccc t ggaagc tccctcg 46:)' 



4651 tgcgcnctcctgtcccgaccctyccgcttaccggatacccgcccg 



4^01 ctcccttcgggaagcgt:ggcgc t ::tc:.caatgct:cacgctgtaggr:a:c^ 



4 /51 cagttcggtgtaggccgttcgctccaagctgggctgtgtigcacgaacccc 43 0 



ccgtLc age ccgaccgccgcgcc:ta:cc gg taactatcgtcttgagtcc 



4851 



icttatrgccact". ggcagcagccactggtaacag 
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4901 gattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggt 4950 

4951 ggcctaactacggctacactagaaggacagtatttggtatctgcgctctg 5000 

5001 ctgaagccagttaccctcggaaaaagagttggtagctcttgatccggcaa 5050 

5051 acaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagatta 5100 

5101 cgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacgggg 5150 

5151 Cctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgag 5200 

5201 attatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagtt 5250 

5251 ttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaa 5300 

5301 tgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatc 5350 

5351 catagttgcctgactccccgtcgtgtagataactacgatacgggagggct 5400 

5401 taccacctggccccagtgctgcaatgataccgcgagacccacgctcaccg 5450 

5451 gctccagatt tatcagcaataaaccagccagccggaagggccgagcgcag 5500 

5501 aagtggtcctgcaactttatccgcctccatccagtctattaattgttgcc 5550 

5551 gggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgtt 5600 

5601 gccattgctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttc 5650 

5651 attcagctccggttcccaacgatcaaggcgagttacatgatcccccatgt 5700 

5701 tgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagt 5750 
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q ' • : ' l qqciddacg r. t; c r. t cqgggcqadaac r rr. cacigna r c " tac -1 0 1 

c q c " j Ltiqagatic c aq:rcgatqt a a c c c a c t.cq t. g c a cr^/aac: r r a t. r t: 6 

C cagcar c r. t U a c 1 1 1. c a c c a g c q t : " c c g g g n gagcaaaaacaggaaq 6 1 - 

t.qccgcddaadagggaataagggcgacacggaaatgt!:gaatac 6 1 



-L _> -L 



cacac:ctr.ccc::;tcaaca:;:attgaagca:.tcatcagggtt.aLtgt: 



':c:ataagcgga!:aca:atttgaarqcar_t!:.aqaciaaatadaraaataqg 



gqtrccgcgcacatt 



igtgccacct 6284 ( SEQ ID NO: 14 
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Figure 4B— DNA sequence of the plasmid Hul9ALcpcn: 

1 gacgtcgcggccgctctaggcctccaaaaaagcctcctcactacttctgg 50 

51 aatagc tcagaggccgaggcggcctcggcctc tgca taaataaaaaaaat 100 

101 tagtcagccatgcatggggcggagaatgggcggaactgggcggagttagg 150 

151 ggcgggatgggcggagttaggggcgggactatggttgctgac taattgag 200 

201 atgcatgctttgcatac ttctgcctgctggggagcctggggactt tccac 250 

251 acctggttgctgactaattgagatgcatgctttgcatacttctgcctgct 300 

301 ggggagcctggggactt tccacaccctaac tgacacacat tccacagaat 350 

351 taattcccggggatcgatccgtcgacgtacgactagttattaatagtaat 400 

401 caattacggggtcattagttcatagcccatatatggagttccgcgttaca 450 

451 taacttacggtaaatggcccgcctggctgaccgcccaacgacccccgccc 500 

501 attgacgtcaataatgacgtatgttcccatagtaacgccaatagggactt 550 

551 tccattgacgtcaatgggtggactatctacggtaaactgcccacttggca 600 

601 gtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatga 650 

651 cggtaaatggcccgcctggcat tatgcccagtacatgacc t tatgggact 700 

701 ttcctacttggcagtacatctacgtattagtcatcgctattaccatggtg 750 

7 51 atgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacg 80 0 
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1 1 1 



: j a • :.; - ' : r : a a a c a t a a a a * : i a a • : g a a a a ; ■ 



. "i a t" " a a a a a a 



a c a g a a c c t a a c c a a a g g a r. g a a a a r g r a a c a ' 



I., -aa- - . a i: 



aaa cj(.- r ci cagg t g a c c a c a r a ga- j a a a a • a a ; a r a *. r c ^ a ca a cc a a a t: a 



Processed N-aem 



aacaaaaqtaggagacagagaaae :a:ca c r t. g c c g g g c a a c a c a g a g a g 



ag raacrtrtcaaa: c gg r. a a aagcacaagccaggggaagcccc t acq 



ja:c:atgargca:ccji: \ z a a c a a a g a gggg c c c c a a c a a g g ' 



cag tiggcagt gga a c aggga a aaa a a a aaa a c a caacaaaagcag t c a ac 



1 3 J 1 agcc tgaagatc t agaaaaqa a a t. aaaaao agagtaacaaaaccc 



c a a 1 1 cggcggagggaecagaa aria 1 a a qaqaa aaac a gt ggc z gcdc a 14 



1401 atcagtctacatctaccagc^ar - .i a..aaacaaa tgaaa tctggaac' 



al 5 1 cctctgtr.gtgtgcctgctcd.v ^ ; " a a a a a a ccaaagaggcc aaag La IS 



aagaggaagg tgga taacga-;- r *. - a*. a. aa ;qa aaa accaaggagag tqi 



^rvaaa<aa > w 



^.1 U7:,AA ' 
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1551 cacagagcaggacagcaaggacagcacctacagcctcagcagcaccctga 1600 

1601 cgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtc 1650 

1651 acccatcagggcctgagcttgcccgtcacaaagagcttcaacaggggaga 17C0 

LPVTKSFNRGE 

Xba I 

1701 gtgt tag tgagatgatcc tctaga gtcatctacgtatgatcagcctcgac 1750 
C * end of light chain ( SEQ ID NO: 19) 

1751 tgtgccttctagttgccagccatctgttgtttgcccctcccccgtgcctt 1800 

1801 ccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgag 1850 

1851 gaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtgg 1900 

1901 ggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatg 1950 

1951 ctggggatgcggtgggctctatggaaccagctggggctcgacagctcgag 2000 

2001 ctagctttgcttctcaatttcttatttgcataatgagaaaaaaaggaaaa 2050 

2051 ttaattttaacaccaattcagtagttgattgagcaaatgcgttgccaaaa 2100 

2101 aggatgctttagagacagtgttctctgcacagataaggacaaacattatt 2150 

2151 cagagggagtacccagagc tgagactcctaagccagtgagtggcacagca 2200 

2201 ttctagggagaaatatgcttgtcatcaccgaagcctgattccgtagagcc 2250 

2251 acaccttggtaagggccaatctgctcacacaggatagagagggcaggagc 2300 
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„ .'• 1 o i q a q «:: a g a c; car « r. . .i a g a r aaq-:?ta caq •-. t act c t :arar r ■ 2.* : 

* :.. L r r a a ca tact, r r. q t ~ qq r :a'ic: f :t a i t c q a t - r ; -i c; c a r g a t t • ra^c.i 2 4 

„ 4 ■". 1 a t<i t .:• :a t t. qcttcgcagqt "crc • : : : :.;c:: gag t ggagagqc r.a r. " cq _ 4 ^ .. 

2 4 E 1 gc tarqactgggcacaacagacaarcggc tgc tc tqa tqccgccgta t re/ 2 5 0 

2:) 01 cggctqtcagcqcaggggcgcccggttctt 1 1 1 g tcaagaccgacc r gr. c - 5 r > ■ 

2 5 51 cggtgccctgaatgaactgcaggacgaggcagcgcggctatcgtggctgg 2 6 0 2 

2 601 ccacgacgggcg t tccttgcgcagctgtgcrcgacgt tgtcactgaagcg 2 6 5 2 

2651 ggaagggactggctgctat tgggcgaagtgccggggcaggatctcctgtc 2700 

2 7 0 1 atctcacc 1 1 get cc tgccgagaaag tat cca tear ggctga tgcaatgc 2 7 5 0 

2751 ggcggctgcatacgcttgatccggctacctgcccattcgaccaccaaqcg 2 8 0 0 

2 801 aaacatcgcatcgagcgagcacgtacteggatggaagccggtcttgtcga 2 85 0 

2 851 tcaggatgate tggacgaagagca t caggggc t cgcgccagccgaac tgt 2 9 00 
2901 tcgccaggc tcaaggcgcgcatgcccgacggcgagga tc tcgtcgtgacc 2°5 , 
2951 eatggcgatgcctgct tgccgaat at .catggr ggaaaatggccgct C r r c i C 0 

3 001 tggat tcatcgac tgtggccggc tgggr q tggcggaccgc t a t caggaca l 0 5 0 
3 0 5 1 tagegt tggc taccegtgatat t gc tgaagagc t tggcggcgaa tgggc t :. 1 0 0 
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3101 gaccgcttcctcgtgctttacggtatcgccgctcccgattcgcagcgcat 3150 

3151 cgccttctatcgccttcttgacgagttcttctgagcgggactctggggtt 3 200 

3201 cgaaatgaccgaccaagcgacgcccaacctgccatcacgagatttcgatt 3250 

3251 ccaccgccgccttctatgaaaggttgggcttcggaatcgttttccgggac 3300 

3301 gccggctggatgatcctccagcgcggggatctcatgctggagttcttcgc 33 50 

3 3 51 ccaccccaacttgtttattgcagcttataatggttacaaataaagcaata 3 4 00 

3401 gcatcacaaatttcacaaataaagcatttttttcactgcattctagttgt 3450 

3451 ggtttgtccaaactcatcaatgtatcttatcatgtctggatcgcggccgc 3500 

3501 gatcccgtcgagagcttggcgtaatcatggtcatagctgtttcctgtgtg 3550 

3 551 aaattgttatccgctcacaattccacacaacatacgagccggaagcataa 3600 

3601 agtgtaaagcctggggtgcctaatgagtgagctaactcacattaattgcg 3650 

3651 ttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgca 3700 

3701 ttaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgct 3750 

3751 cttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcgg 3800 

3801 cgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatc 3850 

3 851 aggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggcca 3900 

3901 ggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccc 3950 
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:c:odccc' ncca:" . i . " ~ - u j <u * < u • <. • • : • " • t : ' r r. t 



4 10 1 cct t c g g g a a g c g t q g c a c v . : : : r . . c a a r a c : c a c q c t. a r. a q q c a r, c r. c , :t ; ; 4 1 3 



41-dI ttcggtgtaggtcgucqcrccddgctgggctgtgtgcdcgddcccccc cj 



420 1 tt.cagcccgaccgctgcgcc:tatccggr.adctatcgtcr.r.gdgr.ccaac 



4 2 5 1 ccqgtaagacacgacttatcgccactggcagcagccactggtaacagqat: 4 3 C 



4 3 31 taqcagagcgaggnatgtaggcggigctacagagttcccgaagtggtqgc 43 5! 



43 51 ctaact:acggc!:acactagaaggacagtatctggtatctgcgccct:gc!:g 44 0- 



4401 aagccagttaccttcggaaaaagagttggtagctcttgatccggcaaaca 44 



44 51 aaccaccgccggtagcggtggtttttttg:ttgcaagcagcaqattacgc 4 50 3 



4501 gcagaaaaaaaggatctcaagaagaiccttcgatcttttctacggggtct 455 



4551 gacgctcagtggaacgaaaactcacgtraagggatttcggtcatgagatt -± o ; 



4601 



•ttc:aaatt:aaaaat:gaagttr_"a c 



46 51 aatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgc 470 



4701 ttaaccagtgaggcacctatctcagcgacctgtctatttcgttcatccat 4' 



47 51 agttigcctgactccccqtcgcgtagataaccacgatacgggagggcttac 4 30'. 
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4801 catctggccccagtgctgcaatgataccgcgagacccacgcccaccggct 4850 

4851 ccagatttatcagcaataaaccagccagccggaagggccgagcgcagaag 4900 

4901 tggtcctgcaactttatccgcctccatccagtctattaattgttgccggg 4950 

4951 aagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgcc 5000 

5001 attgctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttcatt 5050 

5051 cagctccggttcccaacgatcaaggcgagt tacatgatcccccatgttgt 5100 

5101 gcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaag 5150 

5151 ttggccgcagtgttatcactcatggttatggcagcactgcataattctct 5200 

5201 tactgtcatgccatccgtaagatgctt ttctgtgactggtgagtactcaa 5250 

5251 ccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccg 5300 

5301 gcgtcaatacgggataataccgcgccacatagcagaactttaaaagtgct 5350 

5351 catcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgc 5400 

5401 tgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttca 5450 

54 51 gcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggca 5500 
5501 aaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactca 5550 

55 51 tactcttcctttttcaatattattgaagcatttatcagggttattgtctc 5 60 0 
5601 atgagcggatacatatttgaatgtatttagaaaaataaacaaataggggt 5650 
5651 tccgcgcacatttccccgaaaagtgccacct 5681 (SEQ ID NO: 17) 
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Figure 4C Heavy chain coding sequence in the plasmid Hul9BHcpcd 

m. : * - .■ - ggtacc I 0 :." 

IOC 1 atg gagtttgggctgagctgggttttcctcgtggctcttttaagaggtgt 1 5 0 

M E r '.j ~ o W V F 2. V A L L F. G V 
Leader s:art 

1 0 5 1 ccagtgtcaggtgcagctggtggag t c tgggggaggee tggt caggee tg 1 1 C 0 
( - C 0 V Q L V - ( SEQ ID NO: 21) 
Processed N-term 



1131 gcggg tcec taagac t c t cgtgtgcagcc ten gga a ccaccc r.cag tggc 11 5 0 

1151 ta tacca tgcactgggt ccgccaggc tccagggaaggggc tggagtgggt 1 2 00 

12 01 ct cat c cat tact ggagg tag caact teat aaac tact cagactcagtqa 12 0 0' 
125: agggecgat t caeca t c tccagagacaacgccaagaac tcact ttatc tg 1300 

1 3 0 1 caaatgaacagcc tgacagccgaggacacggc tgtc ta t tat t gtgegae 1350 
13 5 1 cgcccctatagcaccgccctact ttgaccac tggggccagggaaccctgg I 4 0 0 
1401 tcaccgtctcctcagcctccaccaagggcecatcggtcttccccetggca 14 5 0 
1451 ccctcctccaagagcacctc t gggggcacagcggccc tgggc t gec t gg t 15 0 0 
15 01 caaggactac ttccccgaaccggtgaccgtgtcgtggaac tcaggcgccc 15 50 
1551 tgaccagcggcgtgcacaccttcccggr-gtcctacagtectcaggactc 1600 
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1601 tactccctcagcagcgtggtgaccgtgccctccagcagcttgggcaccca 1650 

1651 gacctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggaca 1700 

1701 agaaagttgagcccaaatcttgtgacaaaactcacacatgcccaccgtgc 1750 

1751 ccagcacctgaactcctggggggaccgtcagtcttcctcttccccccaaa 1800 

1801 acccaaggacaccctcatgatctcccggacccctgaggtcacatgcgtgg 1850 

1851 tggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtg 1900 

1901 gacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcagta 1950 

1951 caacagcacgtaccgggtggtcagcgtcctcaccgtcctgcaccaggact 2000 

2001 ggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctccca 2050 

2051 gcccccatcgagaaaaccatctccaaagccaaagggcagccccgagaacc 2100 

2101 acaggtgtacaccctgcccccatcccgggatgagctgaccaagaaccagg 2150 

2151 tcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtg 2200 

2201 gagtgggagagcaatgggcagccggagaacaactacaagaccacgcctcc 2250 

2251 cgtgctggactccgacggctccttcttcctctacagcaagctcaccgtgg 2300 

2301 acaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcat 23 50 

2351 gaggctctgcacaaccactacacgcagaagagcctctccctgtctccggg 2400 

SPG 

2401 taaa tga tagatatc - ( SEQ ID NO: 20) 
K * end of heavy chain 
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Figure 4D Liizht chain coding sequence in the pkisnud I lu I ^BLcpcn 



: i a f t. catgga 1 0 0 ■. ■ 

1 : : c atg agggtccccgctcagctcctagggctcctgctgctctggctccgag L - j 5 0 

M P V P A C A G G R L G L W L R 
Leader star: 

10 51 gtgccagatgtgacatccagatgacccagtcrccatcctccccqtc:gca 1 1 G 0 

G A R C D I Q M T - ( SKQ ID NO : 23) 
Processed N-t:erm 

1 1? 1 t:ctqtaggagacagagr.caccatcactr.gcc'gggcaac:cagagtg:t:aq 1150 

II5I taact:trtaaattggtatcagcagaagccaggggaagcccctacgc!:cc 1200 

12 21 tgatctatgatgcarccacttcgcaaagtggggtcccatcaaggttcagt: 12 5 0 

12 51 ggcagtggatctgggatggattticagtctcaccatcagcagtctgcagcc 13 00 
1301 r.gaagatcttgcaatgtattactgtcaagcgagtatcaataccccgc:tt 1350 

13 5 1 -cggcggagggaccagaatagatangaqacgaactgtggctgcaccatct 14 00 
1401 gtcttcatcttcccgccatc tgatgagcagttgaaatctiggaactigccr.c 1 4 5 0 
1451 tgttg jtgcctgctgaataacttctatcccagagaggccaaagtacagt 1500 
1 5 0 1 ggaaggtgga taacgccc tccaatcgggtaac tcccaggagagtgtcaca 15 5 0 
1551 gagcaggacagcaaggacagcacctacagccrcaqcagcacccrgacgct 1500 
1601 gagcaaagcagac tacgagaaacacaaagt ctacgcc tgcgaagtcaccc 165 0 
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1651 atcagggcctgagcctgcccgtcacaaagagcttcaacaggggagagtgt 17 0 0 

LPVTKSFNRGEC (SEQ NO: 24) 

Xba I 

1701 tag tgagatgatcc tctaga ( SEQ ID NO: 22) 

* end of light chain 
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Figure 4L : , Heavy chain coding sequence in the plasnud Hul^CHepcJ 



: i ggtacc .1 

atggagtttgggctgagctgggttttcctcgtggctcttttaagaggtgt 10 5 

M E F G 0 S W V F L V A L. 1. ?. G 

ccagtgtcaggtgcagctggtggagCv^ t qggggagg cc r.qgt caggcc t g 11 0 
( - C Q V - V - (SEQ ID NO: 21} 
Processed U-ternt 

grgggtccctaagact.Cucgtgcgcagccr.ctqgddccdccctcagtggc 115 o 

tatiaccatigcactgggtccgccaggctccagggaaggggccggagtgggt 12 00 

c t ca tec at tac tggaggtagcaact teat aaaciacgcagacc cagtga 1250 

S N F 1 N Y A_- (SEQ ID NO: 26> 

dgggccgattcaccatctccagagacaacgccaagaactcactttatctg 13 00 

caaa t gaacagee tgacagccgaggacacggc tgtc ta t tat tg tgegae 13 5 0 

;atagcaccgccctactt^gaccacr.ggggccagggaaccctgg 141 0 



1401 tcaccgtctcc tcagcctccaccaacTgg::ccatcggtct tccccctggca 14 5. 



14 51 ccctcctccaagagcacctctgggggcacagcggccctgggctgcctggt 15 0 0 



1 5 0 "i caaggac t ac t tccccgaaccgg: gaeegtat: cgtggaactcaggcgccc 1550 



1551 tqac cagrggrgt gcaracctl: c ^ ■ : g c *. g t c_ c t a c a g t c c t c a g g a c t c * o u 



igcagcgtggtg accgt arc ctccagcagcttgggcaccca ^ & ^ u 
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1651 gacctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggaca 17 00 

1701 agaaagttgagcccaaatcttgtgacaaaactcacacatgcccaccgtgc 1750 

1751 ccagcacctgaactcctggggggaccgtcagtcttcctcttccccccaaa 1800 

1801 acccaaggacaccctcatgatctcccggacccctgaggtcacatgcgtgg 1850 

1851 tggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtg 19 00 

1901 gacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcagta 1950 

1951 caacagcacgtaccgggtggtcagcgtcctcaccgtcctgcaccaggact 2000 

2 001 ggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctccca 2 0 50 

2051 gcccccatcgagaaaaccatctccaaagccaaagggcagccccgagaacc 2100 

2101 acaggtgtacaccctgcccccatcccgggatgagctgaccaagaaccagg 2150 

2151 tcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtg 2200 

2201 gagtgggagagcaatgggcagccggagaacaactacaagaccacgcctcc 2250 

2251 cgtgctggactccgacggctccttcttcctctacagcaagctcaccgtgg 2300 

23 01 acaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcat 23 50 

23 51 gaggctctgcacaaccactacacgcagaagagcctctccctgtctccggg 2400 

SPG 

2401 taaatgatagatatc - (SEQ ID NO: 25) 
K * end of heavy chain 
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Figure 4F Heavy chain coding sequence in the plasrnid Hul^DHcpcd 



.la.i' ' rggtacc 



atggagtttgggctgagctgggttttcctcgtggctcttttaagaggtgt 



M 



F G L 8 W 



L V A 



R G 



5 I ccagtgtcaggtgcagctggtggag tc tgggggaggee tggtcaggcctq 

Q C Q V Q L V -- :8EQ ID NO: 2 1 i 
Processed N-term 



.110 1 gcggg: 



: tct ggaaccaccc tcagtggc 1 1 r " 0 



.51 :acaccatgcac tgggtccgccaggc 5ccagggaaggggctggagt ggg t 120; 



.201 




: 5 o 



fagacaaege; 



: 1 1 a t: c t q 



13 01 caaatgaacagcctgacagccgaggacacggc tgtctattattgngegae 



13 51 cgcccctatagcaccgccctac t t:gaccactggggccagggaaccctgg 



1401 



raagggcccatcggtcttccccctggca 14 5 



1451 cccl 



ictgggggcacagcggccctgggctgcctggt: 1 5 0 C 



1501 



;gaccg tgt cgtggaac tcaggcgccc 155 



1551 r.gaccagcggcgtgcacaccttcccggctgtcctacagtcctcaggactc 



601 tactccctcagcagcgtggtgaccgigccctccagcagcrtgggcaccca 
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1651 gacccacacctgcaacgtgaatcacaagcccagcaacaccaaggtggaca 1700 

17 01 agaaagttgagcccaaatcttgtgacaaaactcacacatgcccaccgtgc 17 50 

17 51 ccagcacctgaactcctggggggaccgtca.gtcttcctcttccccccaaa 1800 

18 01 acccaaggacaccctcatgatctcccggacccctgaggtcacatgcgtgg 1850 
1851 tggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtg 19 00 
1901 gacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcagta 19 5 0 
1951 caacagcacgtaccgggtggtcagcgtcctcaccgtcctgcaccaggact 2 000 
2 001 ggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctccca 2 0 50 
2051 gcccccatcgagaaaaccatctccaaagccaaagggcagccccgagaacc 2100 
2101 acaggtgtacaccctgcccccatcccgggatgagctgaccaagaaccagg 215 0 
2151 tcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtg 22 00 
2 2 01 gagtgggagagcaatgggcagccggagaacaactacaagaccacgcctcc 22 5 0 

22 51 cgtgctggactccgacggctccttcttcctctacagcaagctcaccgtgg 2 3 00 

23 01 acaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcat 2 3 50 

23 51 gaggctctgcacaaccactacacgcagaagagcctctccctgtctccggg 2 400 

SPG 

2 401 taaatgatagatatc - (SEQ ID NO: 27) 
K * end of heavy chain 
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Figure 4Ci Light chain coding sequence in the plaMind H19CLcpcn 



in,! " * ^catgga 



C 1 c atg agggtccccgctcagctcctagggctcctgctgctctggctccgag 

Leader start 



105 1 gtgccagatgtgacatccagatgacccagtctccatcctccct-.gt.:: gca 11 

G A R C D I Q M 7 - (SEQ ID NO: 13) 
Processed M-term 



1101 tctgtaggagacagagtcaci 



i 1 c 



115 1 :aactr.tttaaaLtggtatcagcagaagccaggggaagcccctacgctcc 



12 01 t.gatc:acgatgcatccacttcgcaaagr.ggggtcccatcaaggrtcagt. 



ggcagtggatctgggatgga:t:cagtctcaccatcagcag:ctgcag( 



i -t 



1301 tgaagaccttgcaat:gtattac:gtcaagcgagtatcaataccccg( 



.3 51 tcggcggagggaccagaatagatacgagacgaactgtggctgcaccai 



14 01 



:catctgatgagcagttgaaatctggaact:grcr.c 



1451 tgctgtgtgcctgctgaataacctccarcccagagaggccaaagtacagt 1 5- 



15 01 ggaaggtggataacgccc t ccaar egggt aac t cccaggagagr g ncaca 



15 51 gagcaggacagcaaggacagcacctacagcc 1 



tgacget 16 
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1601 gagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcaccc 1650 

1651 atcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgt 17 0 0 

SPVTKSFTRGQC { SEQ NO: 30) 

Xba I 

1701 tagtgagatgatcctctagatctacgtatgatcagcctcgactgtgcctt -{SEQ NO: 29) 
* end of light chain 
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FIGURE 1 

Conversion of Hul9 Fab to a Complete IgGl mAb 
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figure 2 

Comparison of the Heavy Chain Amino Acid Sequences of various 1 lu 
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Gl-:DpSfi 1 .QWNSTjR AEDTA ViTV OAK 98 (SSQ Tr>Nfj! 4 > 

19A: T TMIAPPWOTWCOCTLVTVSS (SfciQ ID NO: 5} 

LDlk (Sbig ID NO: 6] 

l9Ci [SEQ ID WO; 71 

I9D; - • ••• (SBQ ID WO: B J 



3NSDOCID <WO 9819704A1TI_> 



J 1 d7US97.''l9;203 



mi 

Comparison of the Lij;ht Cbaln Amino Acid Sequence of various Hul9 mAbs 

Leader and VariahJe. 



CDRl 



GL Dpk9 ; m qmtv^psst,* AS VCD* V'TTTCRAgQS IS 3 n 

I'M: MOV3SCI TLPliVATATSVHS EL T--V- IB 

1 9E ,CD : MRVPAClLLOImLLLWLROARCDI QM 



GL DpW: SYLHWYQ0KK3KAPKI^IYAASSLQSGVPSCT^ 60 

WFLN K • T D--T5 M--.B 73 

l!)B,C,D: ' ■ • 



CDR2 
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Figure 4 

Figute 4A-- DNA .sequence of tlieplasmcd Hul9AHcpcd 

1 gacat CBcggc C!?c t ctaggcc t ccaaa aaagcc t cc t cac tac t tc c -SO 

fil rtfjt^sr?t.c^ga-g[jcc<jaGg , csgocit.cg^TCctotgcataaota5oaaQ^at 100 

1 D 1 t aci t crageca U</i? a I 999 fiygrt y a a I .g y y < :g y«« r^tg 59 < : y g^g t t^i gg 150 

151 g a eg prnat ggsrcggagt taggggeggga eta c gg t tgc t ga ctaa t tgag 2 D 0 

2 U 1 £ 1-9< : m l.y <: I . I .Ly r:# hv r? t- tttt-g r;r;tgo gS9<J?l5^^t.ggocjact fctCC ac 2 50 

251 a cc t rrot t gc c rrac taat t saaat gca t get t tgc ata ct t c tcic ctg et 300 

i 0 1 g^99 »i y l.gg y 9*5 1- L I :i : e:m< :« r:c:<- 1:« 9 tg^cv? r;«cat t Cttf»c 9 gflat 3 50 

3 5 .1 taa 1 1 ccegg-ggat c gat oca t crsacg c acqac ta net t at taa ta g taat d 0 0 
401 c aa 1 1 aegggg t L t ag t tea 1_ a^x: n a L« Lh I g y »g t- K< : 1 :g<:g w w 450 

4 5 .1 . enact t aegg taao t gc?c cccacct ogc c jyac cgee eaa cga cccc cgccc 50 0 
S01 atl:gACgl.c&A l.*ALyA<r:y l-«Lyl-l-<!<:r;yt-rtgt.<9ci^gc.r?«at9ggg^ct.t 550 
551 t cea t tgacgt caa t ggtft gcia c tat 1 1 aeggtaa ac tgee cae t c ggca 600 
601 gta cat caaat Rt a C ca t at gecaag t aege cccc t a 1 1 gaegtcaatga 6 50 
b s .1 r^y g t?i«© tg*g wo<J aot<jgca fc t ntgc ccctg t aco t ga cc t C at gsrqoct 7 00 
V Ol 1: l\<; r-t -oc 1 1 ysc*»g t to t«.cgta c tag beat one t at tacca fcsg trs 7 50 
? bl al.g <tgg b t-Ul-t*9^:rt y 0 he 0 9 tgggcgtcjgata neggt tcooc tc«cg 9 00 
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? 01 qgq.i 1 1 h *-- r -n h r.t C -7; P. CC C C r t C?:C'3 t CCt a t lJ-TI Cj T<q 1 1 t CJ 1 1 1 tvigc [j 0 

y £ 1 tri CCd cLc^a t CEtrfCIf li Cic.C t L L L^r'.'iiii nn I .kl^ hjd i - Kcr-gi. ,| : v' r-£- 1 T n 9 0 U 

? 0 1 a cncaau t rjrrric-Qrjt flqEjc^t G t-3 cg^tciggagyi't tatjt asgc acs^gY: ^ u j r J 

-I b L LgCi^'T.hi<:9 1: y CTl^ l.^ m y +.i:y < : Nt.qg/icj^C'JCCa t-CffCJ B tt C t gngcn. 1 0 0 0 

IC'Ot cncoorffacct cacc atci gffat gqa gctqt atcj tc^(:c:LLrl:l.ggL agcM l nsa 

M U W o C I I L F L V A 
l.^rlcr r-tart 

IC'M oci3sTCt^cac«tqtccactccqaggtccaactgct:cgacigagl:cLgygyy 1 LDO 

T A T C V H £ V Q Ij L E V - [ C JEC! ID MO : 1 5 ) 

1 1 £ 1 cra^cc* ccct e^gt gg-crt* L At:*-;* l.ttc:A< : i.ggg t.ccgr-ca<jff rt ecayvjg 12 0 0 

1201 ^n.gaC3C?ct!Tr3ogtaggtct catccat toictgqaggtagcaacttca taaa 12S0 

12bl cta-rl.tj^y Atrl.c^y l.g^ Ayy y<:< :y m tt bct-ccrigagricftacgcc a 1 3-00 

13 02 asaactcactttatctgcaaatgaacaqcctgdr'.igcL^^gA^cyg^l. 13 c j0 
I3f>1 gtctistCQttgtacgaccgcccctatDgcaccgccctactttigaccacLg 1J00 
1-dUl yyy-^ociq-grj^ttCi^rTtg-gtciiccgt.ctcctcaacctccaccaagaqDccat 1150 

14 b 1 i.yy ttr- b t w w<; tyy^d ccr tcotcc^ciga^cacc t ct gq CTSfjeocaacg 15 00 



WO ya/19704 PCTVUS?7tt92UJI 



1 S fl 1 grc; r^t.ggg*: * gr:<- Kgg^< : m »g g»< : t, m r: l\ I\ rit;-:: rig^-a.ecg'gtg.a ccg tg t C 2 5- "3-0 

1 & 5 1 jgf gaac tea gccgccc t gac cacic-g^cci t gca ca ee t 1 cecggc tgr_£ c: l Hoo 
1 C 0.1 tacactcc t cnsga etc tnc tree t-crigcagcat g^jt a* ct g t greet c c 1 C SO 



1 fa S 1 tigo+a y<? I . Ly-g 9 c: n c&g L&tia 1.1^ l.g ir&t* 1 ;y Kg m w Lr^ce ageceag 1 "7 00 

17 01 caa caccaaggt ggacaa $aa ag 1 1 gage ccaaatc tt gt ciac aaaaet<: 1 V bO 
1751 ?iea c«t gc ccnccg t secc«cjcaec t D«a etc ct gsjncaa Decent ca 53 tc 1800 

1 8 01 t tc etc 1 1 c recce aaaa eccasgg acac re: L r a l;g a U : Lee c 9 m:4 : 1 H f*t> 

1 f? f> 1 tgaggtca cat.gecjtsg tgg t sgacg t go gcciicgaag* cce t gagtft ca 1900 

1 9 01 acre t caa c t ggt aegtcigacggcg t ggagg t g ca taat g ceaa gaca n^g 1 9 5 u 

3. 9 SI c:< ;y r^ggg-n gga g< :<i 9 hrt r;?»rt e?*ge 3 eg t*? eeg 3"3t*J3t 02l£3C{JtCC t CCiC 2 0 00 

2001 cq C cc t«i caccaq^rac t*roc t saa t ggca agq a g t acaa gtg caagg t ct 2 0 b 0 

J OS 1 c:< :« »<*.44 w gr:u:<- 1 -.r.tz<-n gt:< : we<i t.egtacjti on sicca tc tccoa ngecacia 2 1 00 

2 1 01 gggcacic cccgag aacc aca ggtgt acac cc t gee ccca tec eggga t.gn 21^0 

Z 15 1 getgete cn.jiga«coctg<jtea ccc t jjace t t?cct aq t caa aaq ct t c t ate 2 2 00 

2'2<)1 c :< : m y< :g e l.<:g< -eg I .g y«g tggy a 9**9 e«« tggg c wgcegg-n gaston^c 2250 

2251 t:ar:*ag Ai^e^eg cctc crcjg C.ije Lg y. &<: L rr:y « c:yg r: l\< nil: !.<:(. Lt:<: b e tfl ^ 3 00 

2 3 D 1 cagcaagctcac cgtg gacaag^i g^ &gg t ggcrag<^ b ygg y** 1^ L<; t-t e t ? 3 SO 
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J <J 01 lJ L l j L<: : i : l: Ly I . i : 1ic:.::y y m hyn t..»*g.*i<: « t f:t ..^cgt-.a tgfltr^g 1 " et c n 24 c > L> 

e p k * end Lii h^rtvy i-fu-iii: ■: i^F-o rr? NO: at) 



2 -3 5-1 5c t ct^cct tet a a 1 1 Kccogcc dtc tg t tci 1 1 taccc ctcc recti t <:>c c 2 S 0 0 



7 s o l 1. 1 .r;t: K h g ww^t gga-a gc tgeca otoccactgtcc 1 1 1 cctaa tnoaat rr 2 5 S 0 



i & Si rtCJ g^aa t tgea t CCICat tg 1UJ l.qHy l-.-syy l-y Ur:» 1 ."he: I -h I: I .■: : Lq yyy yy (: 1 hi I j □ 



i d S 1 t g C tgggCj£ Lg cyg Lq y y<": l.t: I .« 1.y.y/i.i i :r:«y r.t.g ggy nt .i:yrt y< : gr 3 7 n □ 



2 7 01 gg?i tc tcccgatocc ence t t tget t c tcaa 1 1 tc t La 1 t tacn t aci t ga 2 7 5« 0 



2 7 5 1 i^aaaa aaaqga aaa 1 1 aa 1 1 1 Laac-ric^s a I. L^«g l.^y L Ly « L i.y ^g i-.nti ^ i : ; I j U 



:^ HOl w Lgcy t-t-gc*; e s gg^ t gc t t 1 ?igc;gaccigt c 1 1 c t ct eco cn^s t c*zi 2SbO 



ggacaaacac tat tca^agggagtaccca^agc-tgaoiac-Lcc t aagcLrriy 2$00 



D 1 ty ?*g t ggcaca goti t t^t-a gcg =n gacsa 1 a t £Ct tgtcot cacc jjaaq cct 2 ? S 0 



2 1) E» 1 gat L CTCg tagagccacaCCt l.gg I.m. Aygy h : 1:y < : l- :rt i : m yy m I .i -] O lj U 



JO0 2 ^agoaRac^aaagcca^qacaqaacstataaggtgacigtagqatcagttg 3GS0 



^051 ctcc tceca tttgc ttc t gsca t aot eg t at t ggci age 1 1 gaa t acjc t tg 31 DO 



:s ].m g^c^gctc^ggyctgry^ tttcgccccriaKct tgoc^gca^t-c-ctcigcQt 31^0 



J L SI y ^/jggo L y g t^yy« tt t- 1 <x tc cccgc tgec-s •: c ^ t %q 1 1 cgac t t gcei J 20 0 
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3 201 ct ci ca teg tcgc eg t gtc *a I .a Uj.y gg h I : L:ijg< : m « ngg 3 g«eo 3 2 & 0 

1 ;> Fi 1 t.»< : ric tggr-c tcngc tcag<vaacgog 1 1 coo Bta ct t ccaaagaa t gac c 3 :3 00 

3 3 0 1 acaacc t ct tea g Lg<j ti^y g awc^gti a tctgg tgat.t« cgoc ta gnaa 3350 

3 3 5 1 aacc t agt t ctcca 1 1 cc t gagaagaat ega cc Lt 1:aa *gga 1* *g«« u 33 00 

:s A u 1 « i.* tag b f.r^t.ca gtagRgaac t caoogaaccci cca caa or ^a?rctca cttL 3 d b 0 

3451 c tt gecaa aag 1 1 tgga l:y a I g ui: I . I « : U bw t tsav e*i« wggei at t 3500 

3501 ggca ng t an.ag t ngcicat g$t 1 1 Gaa to a teggaci gcagtt c t gt 1 1 a<:< : .\ 5 * 0 

3 5 5 1 agga age cratga atcaaa: agg 1 :i:*< :< : *_f_»g** r^tc tt tgtgct uawggat c 3600 

3 ft n 1 « tgciigga nt t tgaaeig t gaca cat 1 1 1 1 cccaga aat t ga 1 1 1 gggga a :i b f> o 

3 651 at a C aaa cttc t ccca gaat &c irij<sgg g i.<:t : U : I . r. l-.gw y g Va -r-» ggagg 37 0 0 

J / u l « m rtrt y gg i?atco ag be t«agt 1 1 saag t c t oogago ago aago ct aac ag 37 b Q 

3751 gaagatg ct ttc aag 1 1 c t ci Lg cr l.eec t: 1.i^<: i.h »/ag v b^ tg< :« t - - 1 t-n t 3 B 0 0 

13 is i] 1 «ga ceo eggga e 1 1 1 1 get ggct t toga t ca gee t cga ctg cgect cel. :i is s u 

3 651 a g 1 1 g^c agoea lie r;g 1. 1 .g 1 b b gr^ccc; t wee eg tgee t tec t fcgaccct 3500 

3 901 gsaagg tgecac tec cac t gtc crt I: l:cc \.*& Um t.g«ggrtrt« t tgea t 3 9 5 0 

3 951 ccjeat tat ctcia Btagptgtca t tcta 1 1 ctggggg g f-gggg tgg gg< g 4<? D 0 

4 n Q l gacasco asaggsagfrat t gcigaagaca a tagcaggca Lgc: tgggg<* Ly r; 4 0 5 n 
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-lUiil 'ijg^Li^qc tctcstqy a^CL-riyi: Lyyy y t:L<:y atcgogtGt ^njrtqcuiflc 1 100 



4101 CgcfiCrt CCCrrt Cgaa^qct tq-jjcg t-iatCatCigtC-a Lay l. I .y 1 J. : r:t.g t- 4 1 c j f] 



J \ S 1 yt Ly n I -Ly L I., 1 ? I r.jr.jy^ t n t- CCiaCQ t aCQB.CJ" CQfCiei a QIC a. U 2 D U 



-1 2 0 1 He* a a^tg taaacicc t (jgg y Ly cl: l.^a 1-L$;-ig Ly.igr: h t C'icnt c Ctat: t 0 2 5 0 



j ] 2 1 <jcq 1 1 cjcfl ct cac t gcec g c L 1 1 ccagt cggg&a ai: l: Ly l.c;y l _y c:t:,i yrr t 4 "i 0 0 



J n "i gc^ 1 t tgp a toygnccmcy cgesgggag-n £qc$q 1 1 Lgcg La t tcjggc d 3 S-0 



4 ] D 1 <rc Let tccg ct tec C cgc t CcCt cicC L ccj^ L.y.< :y i_ r <^gg tn\;g 1 1 nggctg 4 4 00 



4 0 1 C ygc y ay<:y y 1.m L< :« y t: K n»r: t ^flggnqg t t #g C 1 5* LC caca 4 4 5 0 



4 4 5*i ^tc^g!Tcgotn.c)LCQca!3s3^aaqaacac<Ttqa-gcaA^«y y<:L:r*y<.rtMhj 1 'iijg 4 5 00 



j 15 01 c cay gaaccgtaaaaacsgci^gcy IJ-y<:Lgycgt.t^ttcca tringctcc^c -15 DO 



0 5^1 c : rx^ct gesega gc« t cTTcatJLCCiat cnacryc t caagtca gag^ tgg ct^dri J b □ o 



4 C 0 1 c ccya cagga c t a taaags r.acc a^g eg 1. L l .c-.occctgg^ei gctc cc t ?.r$ *j h 5 0 



t gey etc tec t g t tc cgaccc tgeege 1 1 ace gcia t &c cr.y t rege l- L Li: 4 7 n □ 



J 7 0 2 C tUCi : 1. Lizyyy m.h y<_y Lgy r;g - 1 ttctc^ n.t.Q etc CLCgct fl t a$g UtCt i ? S U 



4 7 5«1 cagLLcgqtgLa^QLcgt Li?q<jL:cL-^«yi:l:yyg-nt gty tcc^ccociccco 4 6 DO 



ccr?tt caqccc gaeege tqcQcc ttatcc gcrL« ; t» b ^g t*;t tgngt cc 3 3 0 



4 B 5 1 a accc taoqacacgac 1 1 a Lcgccac t gcica y y< : i;y yt.^.»? n«<j 3 3 0 D 
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* 9 0 1 ga t ta gcagag ccciq nt a t & t a r¥f?cgg t cc t acaaaq t tc 1 1 c^aagt cigl. a y b U 

A 9 51 cigcc t aac La c ggc l.Htia i : L.*g aagga c&gl.H I-. I-. I: gg fc 3 t.gcgc tc t g 50 0 0 

5 0 01 cc csoagccaq c t acc t tcqsaa aaacjaqt tggtagct c 1 t ga t ivcgg^a n 5 o s n 
s u si :m **n rx-.f>cc?g ^t-Dg t.^gogg tggtt c ttt t ?i 1 1 c rsco-agca gcaqatta 5 1 0 0 

6 1 01 cgegc ft gaaaa Aftrigg ri L< :**n L*»rtg« 1:c:< : t ttg »t-C t- tt t-C t-WCgrjgg 5150 
5151 t et cjo eg c tcasrt gcja acgaaa actcacgt ta agg gatLt Lggt ea u g ag 5 2 00 
b i 01 a L 1. a L 1 : m y » t *; t-t-o** t.ng« tc ctt t tactfit t o aaoa t gas rift t 5250 
5251 1. 1 acta -.cab t c fciinaq t a t at a t {?aq taaac 1 1 gg t c tg acag 1 1 etc era a 5 3 OO 
5301 tget ta at cag t gagg rac l? La i.c«g i : g/» I*, r-tg t^t-a t tt c gttc zit c 5350 
b 3 SI t-.M t.«g t t.g^c t<jv c tcoc^gtc □ t n t oga t ao ct oocja tacgqgacKJSfct 5 0 00 
5 4 01 ta cca t ctacic cccagt gc t gca atcia ta tr^jg ere* ag : 1 .» <;g 1 : i.tzn 1 ing 5 4 50 
b 4 SI g< : t.t-ic 9 g t I; ji t.c*»go«a trtaa ocsgccrif?c caga agtmccqa gcgcaci 5500 
5501 aa gtggt cc tg c aac 1 1 ta t ccgcrr:t.<r^a l.t:< :« y I .< : 1:» f. t& ^ K L-.g t tgoc 5550 
5 5 5 1 ggrjetag ct agaat aatf t agt tc$ ccag 1 1 ast a gt 1 1 gcgcaacgt t gt t b 6 U O 
S € 01 g< it:** h tgo fc<?<;*i ggca togtgg t gt cctcg ct cq-t cq 1 1 tgsjta tqgc 1 1 c 5650 
5651 at t^a get l^jcgg I. L<^ 1 : i:^^ r^g^i K *> a?>gy cg«g t-t^cii t cao t ccccca tat 5700 
5701 tgtgc aaaaaa gefgg m.ag 1: i-c : 1 i-.i:gg tcctocga teg t tg t ca gacaqt 5750 
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57 SI oam t tc ; ;cjcc rycacicst t atcac tcatcjfit tat Qigcaaractqca Laat t c 5£tiU 

S R n "I L: i : I Lm t: h.q Li :;i I y r:n,i h rrgt^.^gM t.y-: : 1 1. h L" c: I q 1 . y .-j r: kyy t: y.**yt^ ~ t r ' H 

b £ S 1 caaccaaci t cat t ctcia gaa t act t g ta t gcggcxiaccgaci L t get c t tg cr by 00 

5 5 0 1 ccgqcr? t can t -^cg^q-ri t t acerTcgc cscat d-rron ao:c 1 1 1 clm t !>3 f. n 

c ' L J S "I y c: I : r;;-i I .< :,i <. kyy.i n r.:q 1 t rtt 1 C^yyyy r;g,ifl r:t <:* t r^-iy ;t t .a C"; 0 

b U 0 ll cqc t gt tgaq;* t c cacj t tcgat g t aacc cac t eg t gca cccaac Lgatc t 6 0S 0 

f. 0 5.*! tea gc"> t ottt tact t-tca ce^g cgt t t ctg UD t g^gen^aa ncngrrcio g Gl 0 Q 

E>1D1 9caa*atgccqcaaaaaagggaa t A^gggcgacacciciaaatgt tciaatac' bl BD 

h 1 S 1 tea trtc t r;tt t tt t at^ t- 1 «t tg?itt<gc« t ttfi tc^<jggt ta ttgt D D 

G201 etcatvraofCCiClGtacatat ttaaatcitat tt aqaaaaataaacaaatagg 62S0 

b ^ S 1 yy ^:l.<:< :g i:y< :rt i : * I . I . t.tzC r : t:y« n «y Uy c:< :« r:<: Ir. h 7 £4 ( fi'RQ TD hJO : *i 4 J 
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Figure 4 B— DN A sequence of Lheplasmid Hu]9ALcpcnr 

1 aacsrt cgcsm ccq ct c tasQcct ccaa aaaa rcc tcct cri eta ct t c t gci 50 

5 .1 aw bago t-^e g^gg wgaugctygoc be ggnc t ct<jc« tuna t.naa awaa i 0 0 

1C/1 tagfcc^gccatgcatggggcggagaatgggcggariCLgggcggAgtJ.A^g 0 

1 D 1 ggogs go t us gcsrgag c t agsTGQcasrgacta t asrt tci ctcrac t a attaatg 300 

201 « t g v& bg r; tt.tg^atwott.c; t gcv kg r>t gggge? <jnc tgg<jgo^ t-tt-c c?wc 250 

2 51 acc t gg 1 1 gctga ctaatt q aga tq c at gc c ttgea Cacctc tgcc tgc t 3 Q 0 

3 0 1 y gg g^g*;.rj;t.y gg g& V b t-t W 3 C"Wi£t.3 »<; C g^caca r& $ t oe; p r^g^n t 350 
351 taa t tc ccgatia at cq ate c& tcqa catacaac t aci t ta t taa t aa taa t d 00 
^ 0 L <Jrt m I- 1 .« i : y.yyg L Lag 1 . I ,«y i:t:tt A L. h. I.« 9 1 . i-c:<jg 1 :y I- 1 -h tm 4 5 O 

4 5 L t a ac 1 1 a cpg taaa tsr3ccoc?cc t gstct go ccg ccca acsracoccccrccc 5 00 
bOl *L.l.y»i:y LAAl.g*cg1.ALy U^r:<r:£ Lag I. H»^gfi< y £y«L:U: 5 50 
551 tcca 1 1 sacq t caa caff a t Bfjaet at ttacBfl t aaa eta ccca ct t a gca 6 00 
6 0 "» y tnca t.ce«<jtgt« t u?» bet tgccaagtnca^ cccc tat tgwc<jt.o«a tga G 50 
bbl <r:yyl.n»Al .gg C.CzCQ t: vt I.gg i:a L t.* l.y<:^<::*tij L« i^Ji L.y fc< : Li I . l.+i Lggg rtt:L 7 OO 
701 ttcctaettggcagtacatctacgtattagtcatcgctattaceatggtg VsO 
7D1 atgcggt 1 1 1 ggca gtaeat c a atgggcgt ggatagcggtt. t gac t cacg a 00 
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SO I gqr:^ 1 1 1 cc~j :ic:;t c t cc :icc ceo 1 1 rrD.cg t c^. :i t qq-rTaqt t tq 1 1 t tfT'>c £■ 0 

t\ '-■l ric; i'.^S ii Hl L'Jaacrqy y ti<:: ',. I.l .i .c-a.^tt h Ly I j : y I .« ■: :.i m n h ? yc; i .:r /:."> I: f cj 9 Q H 

h 0 1 acac jaatg-n cjvl t ^qgcq t yta c-g £tqggi=.gc;tsi i atd t a-iy caqa gc i : U 

iuro El 

9 r . 1 l.y yy i.:rt[-yl:.y H Ljt -:: £ g.n t C^IC Gt-PP-rig^C'^CrCO t Ci-T^ n.t r.Crn!.5gr;3 1 DDQ 

1 00 1 cacagqtrtCCC Crfcc atg gga t cjqa g etc; tat£-a v.tic i.^ l Li:: l l.y y Laq ]. I) c j □ 

Leader BCrLrt 

1QS1 acflgct ^Caggtqt C^acLiiUqay il UJ.-i^iic.iy L< : 1. 1 -t-.*fll-rii- 1 .< : tit: I .y i.i: 1 1 QD 

T A 1' y V H L- E L T Q 5 P - (SEC ID NO : 13) 

n.l ^1 Li.rty i-.rtrtf:tt.Ki-.l-,M/»<3 tt-ggtnt o?i.gcag?r©gccd<janq^iagc electa eg 12 00 
12 01 ct c ct t eta tgn tgea t cca ct tcqcaaayt '^qgg to ccastcaacqgtt 

1 ^ fi 1 i :^y t ggcagtyg e t \-. ggg?r tgg* 1 1 tcno t c t ca cca t cogcji gtctrnc 13 0 0 

1301 aqec tciaa gat c t tcjcaa L gta t i_rs<j Ly l_i j Art ut:y« y L« Lti.-art L*^<r: l L'y ]. :s f> rj 

13^1 ct Ct tcarTc&ig^CG^raccacsoatagatatgagacgaaccgtciqctgcacc 1 100 

l aoi ^t^tytcttcoit^t^cccgccatctgatntsqcaqctgaoatctnrs^^ctc 14 50 

1 %) r> 1 t:<: \.t- 1 :y t.t.y Ky t y wtg^tgs iit««c ct eta tcccnrjaaaflic c^^agt^ L 5 0 0 

l^OL ^rty l.y 9tit*yy L^y^ t^cgo^otcca-a tegg gt aactcocctgg'n.gsg t gt 1550 
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1 5 5 1 caca gagoa gg acd gcsa^ga i?fcgc al 4 ^ l h cim gco tea gocigcaccct qa 1600 

1 6 b 1 ac<r:c ri Lt;*gg y c:c: I .g »g<; tt.g wog wonnagag ct t caaca a sacjg aga 1 7 0 D 

L-PVTKSFN Rt>£ 

1 7 D 1 gtg t tjiot gagntgei t cc tctaqra g c caret aegt a t ga t cag cc l:<:y »< : 3 7 so 

C * «ti<? rjif light- chwi.Jl [SUV ZD NO: I9> 

1751 c gtcrc cttc ta gttgccagcca t ctg C t gL 1. 1 .g ntic r;t-c ccocgrgc ct t 1 8 C 0 

X I] n 1 < : r.f. tg 9 ccc tg g?**»g gtg ccac tocca ctgtccttt cert a at a a a a t gag LHSO 

1 B 5 1 a aaa 1 1 gca tc^jca C t gt c t ga gt agg t g ten* I . i.k i-.m tto tggg ggg t.go 1900 

1 1? U 1 g g l-.gg ggc^gg m r:wg r.»rtggggg?i gg^ ttggno*! sacaa c acjeaggea t g 1 9 'i 0 

1 9 5 1 ct angsrat ejeg-ert qq uctet a tacaac cage tgg c^gc u.g » c:*g ■ : t.ng^ g 2000 

2 D U 1 <t 1.»gc : 1:1. Lg< i L I.li L< :« i* I : L. l:< : I*. » t. K t. gr.:*? t.?i^ tRagaa* aoaag Cf saa a 20?j0 
2051 ttaattt taaca ccoa ttcag ta s t tg a ttg age i.g< : g I*. kg* : rj^fia ?i 2100 
2 3. in fjggf t<jctt. t«g » g<* r:* g t rj 1 1 c- to t g enco $a t aag gacaaaca ttact 2ibU 
2151 ca.y agg gag Lac ccsgagc l.g Ag ra I .< : i : t gec as ttfag C sgcacagc a 2200 
2201 1 1 c tagggagaa ata t gc 1 1 g L cat ca crcrga« g< : i; t.g*t. t wg t-wgngc c 2250 
22 5 1 o cacc 1 1 cjqtLoa ccaa tc tget ca cacag ga L«.g« grtggg<-:rtgg^g c 2300 
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2 ? 0 1 c a <;,! q n c cv £ c g c n t a t a q- r( t g ri ct a t o -n <t □ t c a r : ! ttgcccctci. r- c 1. 1 1 g c 23 c « 0 

I: . 5 L 1. 1 L r'J LuiiiCi La-y t. Ly 1..^ |. Li$yy« y.i: LI .y y ril i": lJ.^s- C J cs Ltf CjttiraaCd- ^4 0 U 

2 'J 0 1 a c;a t rjgat t<rcacci cagqttc t cc^i c-c^c 1 1 #Q fTt g<TagofTEC 1 rit t eg 24 [■ 0 

24 j 1 gcta t-srtc tggscci cftcscjigacas tcggctgctc t!3tt.tgwg wy L; y t K-r. ?- ^Tj l1 

2 b D 1 cggcLcj Lcagcyca y ^yy : L^yOi LLi: I. L L L Lq U^a g=i<: rgacetg t c 2 £ E» 0 

2^ r jl oqq c rccc t naat ^aac t aca ^asgcascfTcaact ^ t crjtggc tar*' 2 G 0 0 

!■*! h I] 1 i :c:.i r.ync :yy y c:g I : i.:e:<: L\ 1:g<:y r:»y<: Lyhy : 1: [:y« r:g I: S.y I.C AC LgatSy i:y i b S O 

2051 Ftflaa«ag^ctc?cjctj3ccatcggflcqaaet:qcc<]^g«casgcitctcctqtc 27 00 

2 V U 1 * Lf: !-<::«< : i: L L lit: Ly t:< :y ny*rt« y La 1 .1*: i:& L l": m Ly y.C tgatCK a* t LJC 2 / b 0 

2751 gg c^gc t goa tea cgc t tga t cegg ct sec tgee 1 t cga cc^c «gcg 2 R QO 

2ti01 aaac^Ccrgcfitcgagcgagcaccmactcggatgysagccggtctcstcga 2S50 

2 B 51 t cagga t t c trjgacrjaa g^gc^i t csgg ggc t cacgccagccg y t r<t 3 9 00 

2 !J0l Lcy<:<:«^y< , :LcAAggcycg^AL9LrL^JCi,sr.^9c^a^gaC.ctc , citcgtgacc ^OE>0 
295L catggcgaLcicctgcttciccgaatatc^tsatg«£*aaatnaccgct t ttc 3000 

3 00 1 t nno t tea t<: gnc t <jt gg cegg ctngg t gtggccga ccget K t;m yy p 3 CI SO 
-3 <) 5 1 t f^gegtt gg r;t?»^or;g tgei rt tg ^ ^ g*i«j r - 1 l-<jg^g y^9^« Lg-9 ^- L. ion 
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5101 ccgcttcc r^gt-g ott t acggta t-cgcc gc t ccc go 1 1 c^ca gcge at 3150 

3 1 bl eg cc 1 1 et at egcc 1 1 ct C gacgag C t c t L l.g n y< : g y y« rjs t r. tggggt.t J 2 (1 C 

3201 cgaac* t a accgnccomrjcgacgccco ncc t gee ate aega gat 1 1 cga 1.1- 32 b 0 

3 7. M t:< :« o< :g i :c:y< :« : 1. l.t : I .« l-g>* »j*g gi. bgggc ttcg gaa t eg 1 1 1 tc cac-gac 3300^ 

3 3 01 gc cgc| c t gga C gate ctceage gcgggga L £ l.< : m I .g r:1.gg h gt. K r:t-t-cgc 3 5 5 CI 

3351 cc ncc ccaoc t-t.gt t t at t r?ca Ret t n t aa t ag t ta caaa t aaag caa t a 34 00 

3401 gc atea caaa 1 1 1 ea caaa L**ih y<:« 1-1-1. L: 1. 1. K r;?>c tgea ttc t<a gt t fr t 3450 

3451. ggtt c gtccaa jic tc at c*ia t.gt atct t a t ca t gtc t gga t egc<fgccgc J bUO 

3501 ga tec egtega gage t tggcg t a* lc a l:gg i:»g r-.t.g t ttc<7 1 gt g tg 3 550 

3 S.S 1 &n a t- c gtt« r;r;g^ t t tccacnccto ca t acg aacc gsaaaca taa 3 600 

3 60 1 agtgt aaagectg^-g^tg cc t aatga gtga ge t a^c i.i:*m : m 1: 1 i: t.g r^g l fi n 

3 65 1 b t gcgctcact gc<.: ^gc b ttccag ccggga zxacct g t eg t g ccagct gca 3700 

37 01 tcaatgaatcggccaacgcgcggggagiig^^gg U-.i-.grrgfcattgggcgct. 3?5fl 

3 7 5 i cttc cqct t cct eg ct ca ctgac tccrct gege t eggt eg 1 1 egg c t gcgtj J is U 0 

:s 4i in < : g^g^gg tfl twgot tw?tc an^ggegg taa ta eggt t a c ccaca gaa t c 3 B 5 0 

3 6 b 1 a ygg y » I i^9<r:ag g« e c*i tg +-y*g r-«aanggccc»gcaaaii ggc ca 3 900 

3 !> 0 1 gg« A£eg L aa *aa ggtx : y c:g LI .g< : l.gg< :g 1 1 1 t t contaggc t c ogee cc 3 950 
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< H H> 1 CCt^a C Q £c«I1c:a t CriCaa^ dtcqa CCSt.' Lcadsg tcau.yy t.g L^c'Jyrt m -i .r: 4 Hi fl C 

d 00 1 q.M r:,-..j.:j^r:t .r; c. t i fl^gat -::C cagq cgt 1 1 ccccct gnua o:c t ccc 1 c^tac 1 u r s> 0 

d 1 CJC tCtCL' LCi t l: C. i^y.-d l: i:r_ Ly c:-: :y i : L L^-: :< : y y.i 1:^-: :r:t.y hi v :gt.:L.- K »- to t C 4 ]. 0 0 

4i01 cct tcq-ge^^^crc;;tggcqct ttctca^tgctcacgc'tyt^qy teste r.cay 4 LSd 

4 1 s ]. i.i; ngg t gt.-ngg-rrg t togc t ccasrict-gggc t !7t q t ivc acgaacccccc-rr J 20 0 

4 2 01 1 t Crfg-C CCC\a<l CgcitgC^<: l: I. I.rt Ll n . i:gy L m »< : 1:» I . r.:y K r;t. hy ri y t^ttta C 4 2 T' 0 

4. 2 s l cegg ta fincicei encic 1 1 a t caeca ct c?cjc agcagc cact gg t aaca qga t ci j D u 

•13 01 tacfcaga^cgaggtdLy l.3 9y<:yy l.yfrrrti:^g«gh^t:ttg««i?t.ggt.ggc 4 3 

<j :-; s 1 ["hw^cf aoggc t?iccj c t sg nsgga cn.& t at t tas?t ate t cachet c tfTct g J 4 t-i 0 

■9401 aagccagfttaccttcggaaaacsgagt tggtagt l.<jiJ.gaUjt:i : i.y l C£+i*«::rt O-i C ,|] 

<Jii^>L ^«i:t:rtr:r-.g^Kggt.rtgr;ggh:ggt t ^T t t tgt t taCO*nn^-JlC?C^g^t tacqc 4 300 

•3 SOL !icaaaaaaaaa(y^atctcaa$aagatcccttgat<Jtt.LtL-:Laf?yciggl:^L. iibbU 

iibSL g^rigc: t.r?^gtgg7>^cg?i«ejnc(:<:ncnt ta nrig<rTa 1 1 1 c^rr?t cntg^^t t 46 DO 

0 60 1 at caa aaagga t c 1 1 CAcrrl.^yrt l.r:c: I _ 1 : 1 — w tt.43i«^<i o t y y t*y 1 1 tt-o. $ £ c j 0 

4 6 S 1 oatca ate taaag ta t atta tgagt aaac t t.gg tc tgacag L t accaar.gc s> <" 0 D 

47Q1 ttsatcagtaaqacacctatctcagcciatetgtctatttcgtteatceat 07S0 

4 7M ^gtCacctgactcccc^tcQtcita^Estaactacgatacggciag^gcttac OS 0 0 
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4 H m Lc: 1 :y gr^t:<*c:« gtg org cnatsfttei ccgcgtiga ccco cgc C CTiocgrjc t -3350 

1SD1 ccaBatttatca^caataaaccagccagccgg=iagggccgEigcrycii^aay ay 00 

4 9 O/i tytytcc t-noaa ctt tat c cc?c ot cca t ccasrt c t at tan 1 1 a 1 1 f?cc^gq 1 9 SO 

4 y S 1 aagc ta g*gl:a ay I .ri y. I . Li :y< : i I-. C*i e l:^y tt. by r;.g<; e » oy t: 1-ujl:U goc 5 fl 00 

5 0 01 a t 1 qc t acagg ca teg tgg tg t cacg ct eg t eg 1 1 1 gg t atggctt c a t L s Q !>0 
5051 r.:/* go torsgg t 1 uoco ftcg-atcnaggc gas t C aca t c?c* t cccc cat g 1 1 q t 5 1 00 
5 1 01 ac aaaa aagcggt t age tcct tegg u Loo y a l. try I. i.y L<;«g **g L »wy 5 l so 
5 "i 5- 1 Ufc ggc r^go**g t gt t atca o tcatgg 1 1 a tg*rca$jcac t trca C aat t ct c t 5200 
5 2 0 1 tac tgt ca t geca t ccci t stagatgc 1 1 1 tc t g t g ae Lg g Lga 9 tac t c&m s ;j bO 

fi 2 5 1. <: l: »«g i.c:rt Lg« y.«« t-»g t gt-*« t g^ggc gncc=g?*g ttDC tCttg-DOCg 5 3 00 

D 3 0 1 Qc&t caa to cscKiat ao t acc^cc c caca t agca gaac 1 1 ta aaaq t t b 3 SO 

S:S 51 <:iil.<:« l:t.ggMM«rti:9lA.r:l:tr^ggggr^g«eaactCtCC>agGCIt.ct.t.<ir J sr.'igc 

54 01 t^Lt gaga t ccaat tcga tgtaac ccac tc gtg caec caae t gate t tea b d 5 D 

54 51 gr.^tctttt^ctttcciccc»gcgt ttctgg^tf3arTcaoaaacan«aaa!3ca 5500 

S S U 1 & A 1;y < :< :g » Ay y y m hrtrt gggog^i r??icg^g««0l tgt t<JP ?» t« ot-C^ 5 5-5 0 

S 5 5 1 t ac tr: t L cctt t t tea atatt a \r. tg a *g<: a L I. Ui I .< :n y y g L.<.n I; I :gtc I. S 60 1) 

S 6 01 atgageggatacata t ttgaa t g ta r. I: l:a g n a I .h n »< n a l.&ggggi. S 6 b 0 

&6&1 tccgcgcacatttccccgaaaagtgccacct Sfcfel (SBO XD WO: lv| 
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Figure 4C Heavy chain codrng :<q ucncc ljj the p humid Hli lyiJHcpcxl 

li'CO Ml 

iO-Dl a^ga^tttgrw et ^ A O at 9ffffttttc<;tccrtggctGfel:t:taaa4ff£rt:gt 1 PSO 

W E F G 3. ;-J W V P L V A L L. R G V 

0 C 0 V Q L V (<JE(2 ID NO: 121) 

Pj7E].::.::N-,L-:d W-teUCTl 

1151 t atdi^^l .yi:m:l.yy gtongc n^^gct ceo iigq a^^^i^qctggag Lgy y 1 . 1 

ctca tccatcactq-rTa.^intacicaatct tCeiLarirtiM-.mitoa gnct-ca^tcjo 12EI-0 

1251 ^ggcjccgil:tcrAccal-r:l.i-.c:/flg3igrtC7fl3nsccaaKoacLcactttat.cl.y 1 :>l)0 

lilll ^^jnttt-rjaocoacct gi\cciq-cccia^gaszac«:igcrtql-tJL.M u^sttgt.rjcgn.c 1 1^0 

13 51 CgC'CCC 1.A L.-sy i: *t_< :y c;< :< : hwc t-tt-G^CCac t-!>l CTCJC C9Q g^idC CC L<£j u 1 4- D fl 

tc ncc^rt ctcc t cdcicc cacc aaejgq clm-jw I :y gtc tt dcccc 1 ecjc a 1 -1 E- 0 

14 51 o:r;tc<7tne^a<g^GC.3C:ct ctra^Etic^-^acicgg-cccLiiyyi^tgtx^.ggt IS DO 
1 ISO 1 caa^y^ Lac: I: L-i :c:<7<;y r^ncr ng t gaeegt c>' c eg t gga ac t eagexz 9 155-0 
1 1> S L tgaec^ i?y y<r:gr.L#t:«irrt < :< H.: l.tjwgnc tgtcct a c*ci t cc t cagga c: U: 1 60 0 



WO Wl 9"71M PCTf ATS9?/lftW3 

1 fiO.1 tactcccte^gceiacgtsgtriaccntaccctccaacagct tgcigcaccca 165A 

1651 gacctaca t etgcaaeg tga a l.^a i : mig< : i : t:/ig r:»^ **gg t.ggaoci ^00 

1701 ngaaag 1 1 prance caoo t c 1 1 at gacaaaa etc acac atg ccca ccg t g£ l V SO 

1751 c:< gt.-rt< : r:t.g«.w<; t r^c t !jgg!J!30CI CCDtcei rf t Ct t CCt C 1 1 CCCCCC^iaa 1 3 00 

1B01 ac<rcaaggacacGCtcatga1:i^L<^H^9^Ar:^<:<:l:grtggt.c^ r ."<»tgr:gt3g J P50 

1 B ^ 1 tgcjtgga cutnag ocac nao gaccct gaggt caagt c eaa c tgg t aegt g 1 00 

1 & 0 1 gaerggeg £ gg agg t: goa t g<*ca 9 g«cna«g cege gDg*Dga<Jcrcgt ct L 9 5 0 

1 9 S ) naacagcncgtcic csoa t acrt cag cgt cc C cac cgtc c tgcacca gga ct 2 D 0 0 
2001 ggctgaa t ggcaaggag tist a *g I :g r;.» »gg *ut t w*»<* cane t.n^nn 2 n 5 O 
2 11 M gc: riccc^ tcgagaa a«ccc* t c t ceo aaaccaao-CTBflc aqcoccQO rr aa cc 2100 

2 i 01 acagg tat acacc ctcic ccc ca tc creggga tga-gi? Lg ta t:< :a *a i^wy g ^ 3l 5 O 

2151 t.<; m gec f.g-?icc tg ort ggt<?nciag*TCt t c t at c ccaa cgiicat csrccsTt a 2 2 0 0 

2 2 01 ga gtgg-gagagca a tgggca g<rj<r:y y h 1 : n »< : i.*<:m m yn<-r^&< :y r.c: h w 225 0 

2 ?. 5.1 c<jt cjc C urract ccaacsTBC t cc 1 1 ct tec t eta cage aagc t cac cgt gg 2 i 0 0 

'2 3 o 1. 9 jjoagg tggcagr Q<jDsga ncg t c 1 1 c t catcrctccqe tgo t pea t 2350 

2 3 S L gatjgc Lr. Ly <r;rt< :*a a <:< 1 .*i r.i«cgci?tg«agzigc etc tccc fcgt c tccgtjs 2400 

.5 P C 

2d0L taaatt£al:csgatal:^ - {SP-Q Tn NO; 20) 
K * end of heavy ^hwin 
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Figure: 4D Ligbl chain cuding sequence tij the pJasruid U\i I • J Fil_ J _pun 

ECO RT 

n.::^ttcc*tgg& lO-GD 



inni 



M R V ir : ' A rj L L G L L 1, t. W ]• R 
l.c-^d^r start 



1 0 5 1 >jt gec agatgt^&c&ta c.ftgAtg^ i :[:i:,igt.c h w-a tec tccc T gt ctgea 1 00 
G A P C D 1 Q M T - [£P£ ID NO; 23 h 

1101 tctgLayy^yriti/sy Kcncc^ tc^ct rgccg^^caact c^qagt Lay 1.1 c jO 

1 l.s 1 tfl ?ic 1 1 1 1 to aa 1 1 qr q La. t ca gcag aaqc e agy y y« m yc r;nr t-n cgc tec 120 Q 

1201 t<iatc taLg^l.^c^l.Ei^rt r:t ^ngc^a^gtgco^tcccstcaGgciC tcagt 1 ^SU 

l^bl yy r^qt.r^gcit.Ctgga^t'nS^t t tca<gt CtCaCCatcaCi<:rt y L< :l.y r:;iyc.n 13 00 

1 J 0 1 t ciaacia t c L t y cra& s. y l.rt 1. 1.«r:hq tea t-?> t -caa t accccact 1 1 1 3 b U 

1 3 S l i .< ggcggcggfjaccaRao t ag a t a tgagacgaa crlig Ly.y< : Ugc^c-r ^tcT- 14 0 0 

1 0 01 g t rt L £ a I.e. t:(.t;t:< :y t:t:^ tc t ge* tga gecg L t aa L ct ggaact g cctc 1 $ 5 n 

1 4 SI t g t tci t gtcic c t qc C gaa t aa ir U .< : i>e t c^caga gsgg-cco nact ocacj t 1 SO L3 

ISO! ggn7>qqt qqo t aacrrccc t cc aatcqgg tia i.< : riti.iy g^y a gt gtcaca 1550 

1 S ]. y .igc^g gcscCtg"C;>CiaCjaca £Ca CCta cagCC tea y C:«y r: w-; : i :r..t grt< :gnt 1 G 00 

1601 y.**y n.gc<ag:ic t a cgaas^^cacaa a gtc t aegej-r: Lycryrt m y Um wc I fi 5 0 



WO 
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1 6 &1 at caqcicrcct gag CM \ig itC.< : y l-.<:* r:e y m t tCtf aco !3G9 U^Q^ fSt^Tt 1700 

1jPVTKSPWR«KC < SlSC! WOi 24} 

1701 t aci c gaga i.g a lie* : i.i: I * [SEQ ID NO; 22) 
1 end of light chtij.ji 
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Figure 4E Heavy chain ccidcng sequence hi ti'je pJasnud ] Jo I ■jCJJqiLirf 

grv.:> t t c gytJicc 1000 

M K K G L C W V F Ij V A T. 1. V, C V 

10 b 1 a oa$f tpto A? qc tgreafrc tjrgtgga □ tc tgsGggaiSTCC t ttstc a n&cc t g 1 1 0 0 

0 C O 1, V - (SEQ ID NC-> 21} 

1151 tata cci L-g cic Lg L^q L. L!<::g r^Mggntcoangg n.sg aeget rjQogt c?a-n"t 120 0 

1201 c tc=i i.^<:rt L1:»<: t.ijg^tjgta gess ct tea t aaacto cgea aac L-c ac tga 12 5 0 

K N F I n r a_ (sjyy id mo: 26 J 

"i 2 5 "i csggg ccgo C t cac catc t cc aadaacaacgccaaci^a u l.c a 1. 1. L.+i \.< : Ly. 1 1 D n 

13 01 caad tyisa c a^^^: L^«< : « y< : r:9,iggn iTflcggc tgtc C n C t at t n t gecjo c 13 5 0 

cgccccta t agco ccgccct ac 1 1 1 gacca c tgg csg<_ i^-sgg g mta : l: i .gy ~i <i n n 

1 d 0 1 L : L:y l-.< : i- r:c: K< :« gco;tcc ncca ngnqccciS tc^g t ct tccccc L qgea 1 -1 5 U 

1-451 ccctcctcc aagagcac cr 1-yggg gt;,^ ^ g^ggece t ggg ct-ccc t t 1 SO 0 

V5 01 Caa^TPfDsCtacttCCCCgaSCCggLy accgLgl.^g Lyy M»< :L.r_3gy<;tjr/:co 15 5-0 

l.fcOi tea ctccctccKicaac^ta^tgaccgtciccctc cage age ciiygg^H^c^M 1 f>5l] 
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1 6.^ 1 g« W t. p otttc tgcaa cct ?raa t cecclti acc cag caa C'ftCCaaggl.^y « c:* 1 7 no 

1 7 0 1 agaaagt t gage ccsa* i.i.g Uy e a«ctcaca cn t gccco ccg t gc 1 7 & 0 

1 7 3 L cca^M cct c?ao ct cctggggggaccg c cag i:c L i.c< : Lt: I A.ric-< : r- i?ca nc* 1600 
1 a O L : i gy r.w: wtc ntg rite t cccggacc cc t gag gtca catgcg Lg y a 15 5 D 

1 8 51 t g g tgga cgt gagccd c$a *y* t: i:t: I .y rt gg f. r?^gt.t c*«c 1 33 1 a en t ff 1300 

1 9 0 1 CDGcg tgcagg t j?ca taa tqc caaqa caaa gc cgcgys Ag i : h g b p 13 5 0 

1 9 51 caa cagca cgtac cc>gy Ly g t.<:« gr-g tcct-ca ccgt cct gcaccacrnrac t 2 00 0 
^001 gcjct-saa t-ggcoa GTE3c*gt acaaq t acaaggtc t cc aac aa*gLf^ L i: c:< :« 2 OS D 

2 0 5 L gccccca t cgagaa aac era L cz l.<: i : t±» »y < : r.t*& a gggeagccc ODc^-tiacc 2 1 00 

2 1 Ol *< :« gy t.<j t woe r?tgcccccQ t ccccjgsja t q age t «a ccaagaacc agg 2 1 so 

2151 tea gec t ga cc Lgcctggtc aaaggc L Lc \. * I :i;< :« y < t r;gcca tg 2200 

2 J 01 tj/ay tgggagagcrai tgggca gccgrraGao caa eta caagacca cgee tec 2 '2 s (? 

2 2 D 1 eg tget gga ct ccgacg gc 1.1:1: i : L: ■ t nt.anagc«a got caccg t nca 2 3 0 0 

2301 ncoaqaaco PTBtasrcaci eaggggaa cgt c 1 1 <r: L 1: a L tf t- !• r^g hg * t gca t 2^50 

2 3 S 1 g^ggctc t gencaa oca ct o cacg cagaagagc etc t ccctg tc t ceggg 2 d □ u 

IS P G 

2d 01 Lam etgattf gather;. - (SEC! ID W0 : 25} 
K * i;r»'i o l* }j<cw*vy chain 
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Figure 4F Ht^vy chain coding squcn^ in the plasnud Hiil9DHcpcd 

Lj.^jri l.l.-:: ggtAac "I 00 0 

1 nm At^gag-tt t Bract gafrctgggttt tcctcgtffgctcfctt^aaa&gfffcgt lotO 
M E P U L S W V }' Jj V A L Li R G V 

Q C Q V 0 L V - [ SEQ- I D WO : 7 1) 

Processed H-tern» 

1 L □ 1 u^y g g he: rmh.-^gs ct 1 " t ng c^tge-a (ice t ct gqaac caccctca^tggc 1 1 

1151 tat acca t a cac tggg t regceaqgrt ceag^ga Ayyy y< : L.y y«g ^gyyt ] ? 00 

12 01 ct e a t eca 1 1 ac tguaggt jagi^s^ l: 1. \.tz& l .« £.-aah »c t r^g 3 r tc^Dt g^ L 2 5-0 

s w r r £ v £ * ID KO; 28) 

1 S 1 m yg gecgat- 1 c^c-QTitc t-r ceiccigei ccincg cc^^gaoctcoctttatcc^ L 3 00 

1 > 0 1 caaat ga aeagee t gaeagcegsgga caegge tg t l: l.rt 1. 1.« U.y I y ny^ r: l 3 5 o 

1 J. S 1 r:yc:r. -cc t atacca ccgc^rtact t c gncca ct ggfTSccaaafja»3ccc t g$ 1 4 CO 

14 01 tcac-cg tct.ee Leasee tcca^cartyyyr-.'CLiM i,< :y yhott<;or;t.x! tggen 1450 

1451 ccctcct ccaagagcac etc t ggcjggcacagcgg crr:c t geig cr t gee tqg 1. 1 h u o 

L c j m r-aassa ct act C c cccgfictccpa t rra cc^ tat eg t gga ac t caggc qcc c 1 B B 0 

IhiSl i.g^nccjfjcnigcgtgcrtcarTcttcccrrrjct Qtcctaca^jtcctcaqqactc 1 600 

1601 t-.ir-tcoctc^gceigrgbggtgQccgtgccctccc-iac^acttcr^Qcaccca 1 650 



WO itol 97*4 PCT.1 19203 

1 6 r< 1 gacc c Lico t ct acaacgtgaa h r:o wgcnoci gco nco cca^ gestgfTaca 1 V QO 
1 ? D 1 agaa a y 1. 1 .g« gr;cc?i«o t c 1 1 rj tq acaaaa ctcacat;A Ly<:< : wg t.gc 1750 

17 51 ccagca cctga ac L err: I .y ygggga cogt co ntct tcctc t tec cceca** l.Hnn- 

1 Fl 0 1 »c: Wflfl ggoCO CCC t ca C ga t CtC* : i* y i$Ji< : i;c:c tgtt<JDt cacct t JJCft tag 1 6 & 0 
1 3 SI t ggtgg<i uy I :g * gecacg aogaccc tg agci t csag t L l.gg L:Mugtg 1 $ 0 0 
3.901 CTC*cncacfltggaggtgcfi5l.A»l:gw 1 9. SI) 
1 9 b 1 caa (f *g<;e r-gto ccgaa taG tea gcg t c c t£ ttczc.y l-.r/itgc accf»<jgatc t 2 0-00 
2001 <jgc t pao t ggcaaggat* i.m c:«rt gtgcooggt ct ccaocaaasrccct c ccm 20^0 

2 0 5 1 gCCCtftiJS l.ngpga CCO t C t ccaaagc caa agg y c:«gc:<:< : r:g»g^ ncc 2100 
l. m /3 c«g CT t a to caccctgccc cl:a Li :t:<;gg<jat.g«gc t Boccooaaaccagg a l s 0- 

2 1 & 1 t cag ccl.ga if c: I .g r.c tggt caooanr ct tc t a tccca gcgai 1 :* 1. i: y t:< :g t g 2200 

2 2 in gag tq nraoa aqcaatgggca g<r;<r:g y m «ot-«caago ceo csrec tec 22b u 

22S1 eg tg^ Ly g/a i it w<j?icgTJC t cc 1 1 ct t cc t c t a cag-tf aag i *. l.< :« r: rig tgrj 23 00 

2 3 D i ooaog agcaggtgg crag i:»g gggaa cgt ct t c t ca tget c cgtga t gc a 1. 2 3 .s n 

^ :3 .S l g<a ggc t ct gcacoa cca eta cr *o:g< : m g?i »gfl geetc t ccc t nt c teeggg 2400 

5 1' u 

2401 LAUrttgRt«gatCitc (£E0 ID NO: 2't) 
rf * ond of heavy chain 
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Figure 4G I iglH chain cad i - rsg -sctjiiericc in the ply.^rmd H J 9CLt pi-n 

Q&a t tc catgga 1 DuO 

1 u 01 aa^&g^gtaiac3<3tf dt<a Agcfc.[3s3tftg3g^t.cicjtBc:i=gc;i; ^tggct-c c:g«g 1 D 5 0 
m ft v p ft 0 i. t, g r. r. l L >J l k 
Leader etisjrt 

G A Tt C D T ft W T - <SEQ 3D NO? 23) 
Proceeded J?- term 

1 "i o i t<r. T-gtcj'jg?rrj^cei g?rg t-caccc* t onct-tg ccq^c-D ac t cag a& tgt ta 1 1 E- 0 

L 151 taact 1 1 1 1 ASa 1 1 QCI t ati: aciCd CddCIC Ci'JCi 99a aq< : c:<.< : :q [il-.r.f: "I 2 0 0 
1 '2 0 1 l.y h t<? t Ky< :Mt(ni»<;t teg r-5» ?+<r>y tgggatccc^ t caa n£t t cct<Tt 12 5 0 

13 01. 1.9 m /sy^ <c rjif- ty< » ty I ■ t w t c^-^y ng^gta t c-sa tcj-c cccq ct 1 1 1 J * 0 

1 3 S 1 tc ggcq<yaggcfa rcagaa ta^a tat §s-:ia cgaactgtggir Lgcritc a i.< r: 1. 1 d I) 

14 0). o cct tc ntct tc cege tctg^ trjaacasTttsraaatctgaaactticcLc 1-3 SO 

1 4 b I I .y I; l-.y L: y t.y<:< : Ly l.y m » l-.ta 5*^: L: t r:t ^ Kc:r;^agng«J rrgccaeJ-n [J t a tSQ T 1 5-00 

1 5 D 1 gga^ggtgsqfc ta aege cc t crtJAfi I. rt : K v< - t^ggag-i g tg tr ri^oji 1 



WO 98/19704 



VCr/U»7/19K>3 



1 GO 1 nancaa^qc-j #ac t a eg a gaa acac aaaci t eta cgect cicgaaci t ca<i i:<: 1 h fi 0 

1 6£ L at Cagggcc t gacjC t. ag<r£< :g l.<f;«< : h *y « y c: I*, t r;«^i r-^y ijgy wy<i gtgt- 1700 

SPVTKSPTTiflQC [SEO NO: 30) 

Xba I 

170]. ta gtgziDC* t aat cctctagat ctacat ataatca^cc t ccia ctg tgee c t - t SEQ wo : 29) 
* «snd ot! light chain 
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